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SMOKELESS POWDER—THE EXPLOSIVES OF 
THE PAST AND OF THE FUTURE. 


THE science of explosives is now passing through one 
of the most curious phases of its history. The advent 
upon the world’s stage of gunpowder, when it was 
discovered by Roger Bacon, in the thirteenth century, 
certainly did not give rise to 
clamors like those that are 





known under the name, to be hereafter celebrated, of 

“smokeless powder.” 

It may be rightly said that a new era has just open- 
ed for explosive substances. The history of powder, 
up to last year, is no longer, properly speaking, any- 
thing but archeology, at least as regards the powder 
used in war. ln the new explosive with which our 


intimate composition of the explosive, as well as in its 
external form. 

Such is the powder of the future, which no tie con- 
nects with the powder of the past, except the object in 
common to which both of them tend—the art of killing 
men as rapidly and as dead as possible. As regards 
this, our celebrated smokeless powder is not behind- 
hand, Every one is now in- 
formed as to the magnificent 





now rising around the new 
smokeless powder. 

Since the nearly six centu- 
ries ago that war and the 
industries, each in its own do- 
main, seized upon the antique 
ternary element of sulphur, 
saltpeter, and charcoal, the 
idea of smoke has been abso- 
lutely inseparable from that 
of the explosion of the mix- 
ture. A battle, as glorious as 
it may have been, in which 
the combatants were. not en- 
veloped in the legendary 
cloud of that smoke “ which 
smelis of powder and intoxi- 
cates man,” would certainly, 
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result of the little ball of the 
Lebel gun, which traverses 
planks twelve inches in thick- 
ness and makes a hole through 
three soldiers in succession, 
and very delicately too, with- 
out its elegant trajectory in 
any wise deviating from its 
bloody course. The weapons 
of the past, the cartridges 
charged with the ancient 
black powder, did not per- 
form such wonders! Let us 
confess, however, that this is 
not the moment for sentiment- 
ality. It will be time to think 
of that later on, when Victory 
shall again have sheltered us 








but a few months ago, have 
been comprehensible to no 
one, 

The manenvers recently 
performed at Champigny 
were, we believe, the first seri- 
ous trials of a mock battle 
with the new powder. The 
astonishment, or stupefaction 
rather, manifested by the 
spectators was carried to the 
highest pitch. The plain and 
hills were covered with bat- 
talions, the crack of musketry 
discharge echoed amid the 
silence of the early morning 
hours, the detachments met 
nearly breast to breast, files 
of soldiers, knee to earth, 





beneath her wings. 

Although the most brilliant 
future can be predicted for 
the new arms and explosives, 
the powders of the past have 
likewise had their glorious 
pages, whether as regards 
their historic role in the wars 
of bygone ages or the scien- 
tific progress of which they 
have been the starting point. 
It has certainly required re- 
searches, experiments, and 
vigils in order to transform 
the rudimentary mixture 
mentioned by Marcus Grecus 
in his famous Liber ignium 
ad comburendos hostes, writ 
ten between the ninth and 





fired their volleys by platoons 
of fifty or sixty men, and not 
a cloud, not a particle of 
smoke was visible. The army 
was clearly delineated upon 
the verdure of the sown fields, 
with the easily recognizable 
color of the uniforms, and 
the blinding, too blinding, 
brilliancy of the helmets and 
metallic ornaments. And, 
what was a still more aston- 
ishing phenomenon, it was 
not only the infantry whose 
light and elegant weapons 
discharged their light projec- 
tile without smoke, but also 
the heavy artillery, whose 
rapid and noisy detonation 








thirteenth centuries, into the 
superb specimens of prismatic 
powders designed for loading 
those artillery pieces of large 
caliber which were last year 
exhibited on the Esplanade 
des Invalides, in the elegant 
pavilion annexed to the pal- 
ace of the minister of war, by 
the superintendent of pow- 
ders and saltpeter. Very curi- 
ous specimens of these are re- 
presented in Fig. 3. 

The manufacture of pow- 
ders for war, hunting, and 
mining is too well known to 
allow us to describe it anew 
in detail in this place. The 
trituration of the prime ma- 














filled the air, without the ac- 
companiment of an appreci- 
able cloud. Nothing more 
than a whitish puff, quickly 
disappearing, indicated the 
location of the battery to the 
observer. It was therefore 
an unknown war—a war with elements absolutely dif- 
ferent from those to which modern tactics are accus- 
tomed, that was inaugurated by the use of the new 
explosive, which has not as yet been experimented 
with upon a genuine battlefield, but which is already 


powder. 
cannon of large caliber. 


1.—MILL OF THE SEVRAN-LIVRY 
POWDER WORKS. 


Fria. 


Fie. 3—SPECIMENS OF VARIOUS POWDERS (ACTUAL SIZE). 


1. French powder for Gras gun. 2. Powder for Russian gun. 
6. Cubical powder for cannon, 





3. Powder for Mauser gun. 


7. Prismatic powder, 


weapons—artillery as well as infantry—are now load- 
ed, the antique formula bas given way to an entirely 
original composition. No more saltpeter, no more 
sulphur, no more charcoal: the famous crucible of 
Berthelot Schwartz is upset for good. No more black 
powder, no more powder even, but a brownish com- 
position made in the form of sheets or plates of horny 
aspect, which are afterward cut into small brilliant 
lamell#. An entire revolution has taken place in the 


4. Cubical powder, 
8. Small grained cannon powder. 9. 





terials — saltpete sulphur, 
and ehaseeal = the mixture 
and incorporation of the sub- 
stances, pulverized in the re- 
quisite preportions, the cak- 
ing of the said mixture, the 
graining of the cake, and the 
polishing, drying, and equalizing >! the grains, consti- 
tute a series of operations which, in their very principles, 
are now no longer a secret toany one. In certain coun- 
tries, where the manufacture of powder does not, as in 
France, constitute an exclusive monopoly of the state, 
there is no village that does not have a powder mill, 
however small, in its vicinity, that produces the sport- 
ing or mining powder necessary for the needs of the 
locality. The establishment sometimes (and often 


5. Extra fine sporting 
Prismatic powder for 


Echelle en metres 
4 

















Fie. 2.—GENERAL ARRANGEMENT OF 











ONE OF THE MILL HOUSES OF THE 


SEVRAN-LIVRY POWDER WORKS. 


M, Milis, C, D, E, F. Binary tuns, 


A, B. Ternary tuns. H, H. Shafting. 
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even) blows up, but the owner dves not get discouraged 
for all that, and if he has been fortunate enough to be 
far distant from bis pestles at the moment of the 
explosion, you will find him some fine day, with his 
shop all spick and span new, n triturating the 
ternary mixture with the most rudimen apparatus, 
which, like their predecessors, are desti to blow up. 

The national powder wills installed upon our terri- 
tory and those in operation in foreign countries, and 
some of which are celebrated, . . may be consid- 
ered as the highest expression of the art of manufac 
turing black powder. In each of them, were we allowed 
to visit them one after the other, we should find the 
same installation and apparatus essentially the sawe, 
whose external arrangement, at least, we are acquainted 
with through the numerous reproductions of them 
that have been made in the treatises — industrial 
chemistry that we have all had in our hands. There 
are three general processes, three methods, outside of 
the pulverization of the component waterials: The 





pestle process, the mill process, and the “ revolution- peace 


ary ” process, inaugurated in 1798 for the supply of the | 
fourteen armies of the republic. It is this latter pro- | 
cess that some of us saw in activity at the Phillipe- 
Auguste Powder Mill installed in seventeen days at 
Paris during the siege of 1870-71. 

As an example of one of the most curious phases of | 
the manufacture of powder, the only one that we shall | 
recall here, we have selected and reproduce in Fig. 1| 
the wili process installed in our fine Sevran-Livry | 
Powder Works by the inspector-general of powders 
and saltpeter, Mr. Maurouard, director to the minister 
of war. The will process is, we think, that of the 
three processes now in use whose genealogy dates back 
farthest into bygone ages. It was already in use in the 
first half of the sixteenth century, in which the olive mill 
system of crushing caused it to be adopted. It was| 
not till 1754 that our Essonnes Powder Works adopted 
it for the first time, upon the suggestion of a monk (a 
learned powder maker, it seems), the Rev. Father 
Ferry. 

This point of history once established, Jet us exam- 
ine our wills, after recalling that before being crushed 
under the heavy cast iron wheels, the substances com- 
posing the ternary explosive have already been tritu- 
rated two by two by the binary tuns, in the known 
proportions. The two runners that we represent here- 


with are identical with those that may be seen in 
operation in all the French powder mills. Their diame- 
ter is about 5 feet and their thickness 19 inches. The 
horizontal table upon which they revolve is 61 


feet in diameter. he runners and the part of the 
table on which they roll are of hard cast iron of perfect 
homogeneousness. The weight of the rolling system 
varies according to the installation. The French run- 
ners just described weigh from 11,000 to 12,200}b. On 
the contrary. the Dresden powder mill was, in 1871, 
still using 380 lb. runners. In order to prevent the 
powder from adhering to the runners, the exposure of 
the bed, and consequently the production of sparks 
that would cause an explosion, each runner is pro- 
vided with a scraper. Resides, to the upper part of each 
apparatus is adapted a sprinkling device which in case 
of disaster at once inundates the circular bed, and, 
consequently, the room in danger. 

The precautions just mentioned as adopted in the 
runner treatment of the ternary mixture, placed previ- 
ously on the circular bed, are rigidly prescribed for 
each of the operations which concur in the finishing of 
the powder, ready for delivery to commerce or the war 
department. 

visit in detail to a powder mill, a simple inspection 
of a plan in relief would show us with what watehfulness 
and minute care the various departments for the pre- 
paration of the terrible explosive material are sur- 
rounded. As an example of the ingenious arrange- 
ment of the various houses that go to make up a com- 
plete powder factory, we show in Fig. 2 the general 
arrangement of the ced, ; tell establishment. The 
legend beneath the engraving gives all the details ne- 
cessary to make it understood. 

Before the studies that are still being pursued upon 
the application of the new smokeless powder for load- 
ing large army and navy guns have entirely relegated 
our old black powder to the show vases of the Artillery 
Museum (those Invalides of military mechanics and 
chemistry), it is curious to recall the various external 
forms given the grains of powder manufactured in the 
different powder mills of, the two worlds, according to 
the purposes for which the explosive is to be used. In 
Pig. 3 are reproduced the most curious specimens ex- 
hibited in the show case of the exposition of powders 
and saltpeter—powders of war (in the center of which 
there is shown a sporting powder for the sake of com- 
parison) designed for both infantry and artillery uses. 

Here we have in the first place an infantry wder 
in grains, the F powder ( F being the initial letter of 
Susil, the French term for gun) and especially for the 
Gras gun, of the 1874 model (Fig. 3, No. 1). Its propor- 
tions are (we might say were, since this powder is now 
entirely replaced by the smokeless powder of the Lebel 
gun) 77 per cent. of saltpeter, 8 per cent. of sulphur, 
and 15 per cent. of charcoal. The size of the grain is 
comprised between 0°03 and 0°06 of an inch. Beneath 
(Nos. 4 and 6) we have what are called the C powders 
(C being the initial of the word cannon), and 8 P 
(initials of the words siege and place), dense, hard and 
very coarse grained powders, as our figure shows. 
Their uniform composition is 75 of saltpeter, 10 of sul- 
phur, and 15 of charcoal. They differ from each othér 
only in density and the size of grain. The grains of 
the C powder, for example, measure 0°25 and 0°275 of 
an inch in diameter, while those of the 8 P powders 
measure from 035 to 05 of an inch. These powders, 
Cand 8 P, permit of giving great initial velocities to | 
projectiles. Let us mention also the M C 30 powder. so 
called because it is manufactured with mills (initial M), 
is a cannon (C) wder, and is triturated for 30 min- 
utes. Its grains have a diameter from 0°05 to 0-1 of an 
ineh, It is used for firing smooth-bore mortars and 
muzzle - loading ques. for the manufacture of com- 
— disks, and for the charging of hollow projec- 

8. 


Besides these powders, which were but yesterday in 
eurrent use, the powder mills manufacture qualities 
whose external form and dimension vary with the me- 
chanical work they ure to perform. Certain of these 
powder grains, cubical and hexagonal, have a side 
measurement (such as the Italian “ dice” powder) of 


from 4 to 045 of an inch, Some prismatic 








nection with their cotton mill. 
in Bancroft’s treatise on ** Tall Chimney Construction ” 
as being of the following dimensions : 


cent to the top of the sha 
ary wooden ladders as used by 
20 to 50 lb. each, according to their length, and of the 
average width of 114¢ in. at bottom and tapering to 
about 10 in. at the top, with distance pieces, or skids, 
about 8 in. long projecting from one side to keep the 
ladders 
foot and hand hold for the workmen. The first length 
or section of ladder was placed at the base of the chim- 
ney shaft, and a hooked wrought iron dog or holdfast 


manufactured in America vary from 1 to 2 inches; 
a ‘* pebbled” powder, manufactured at Waltham Ab- 
bey, measures 1°4 ineh ;a ape contain- 
ing six rtures measures 1°5 inch in width by one 
inch in thickness (No. 9). The Hamm powder will is 
wanufacturing 12 inch perforated grains, and Wetteren, 
in Belgium, is manufacturing remarkable powders that 
are from 1 to 144 inch in thickness. The American 
wills go still further, and we have seen specimens 
whose hexagonal grains weasured 3 inches at the base 
and were 2% inches in thickness. It is scarcely necesa- 
ry to point out that the object of these powders of 
large caliber is to reduce the s of ignition of the 
grain itself—say to obtain aslow powder giving the 
projectile a great initial velocity. 

But here we have a devoted much s) to our 
old, and now abandoned, black powder. he service 
that it bas rendered us in the industries and the vic- 
tories or defeats that it has enveloped with its glorious 
swoke will leave an ineffaceable mark in the history of 
and war. Fora long time yet, in the narratives 
of historians, and upon the celebrated canvases of our 
museums, the generations that are to succeed us will 
feel themselves stirred up at the simple account or 
upon an examination of the battles over which, torn 
by balls and blackened by smoke, wave the flags of 
regiments bathed in blood. The artists who are to de- 
pict the great battles of the future, and the writers 
who are fix the events of them, will have to leave aside 
this powerful means of impression. Adieu to the 
heroic cloud, which, in the fourteenth century, had 
already covered the combatants of Crecy with its sha- 
dow, and which served as a winding sheet to the dead 
of Reichshoffen; ite record is finished. The future is 
to contests in the midday sun, to battles in which the 


—- the smokeless powder alone will speak.— 


La Nature. 








LADDERING A TALL CHIMNEY. 


FiIrty years ago Messrs. P. Dixon & Sous, of Shad- 
don Works, Carlisle, built a tall octagonal chimney 
shaft, which is a landmark for miles around, in con- 
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vs 8. 
A, skids, or distance pieces; D —, 9 in. iron dogs 
or holdfasts ; E, rope lashings. 


This shaft is described 


Ft. In, 

Height from foundation to top.......... 820 6 
7 * ground line to top.......... 300 0 
Outside measurement at ground line.... 17 4 
Inside measurement at ground line... ... 9 6 
Outside measurement at top ........... 9 0 
Inside measurement at to 8 


Built to a batter of 1 in 72. 
Being the jubilee year of this tall shaft, Mr. Robert 


Todd, woolen manufacturer, the present occupier, has 
had it repaired, and anew patent copper ro 
conductor fixed up the outside by Mr. Joseph Ball, 
large chimney and spire restorer and lightning con- 
ductor fixer, of York Castle, Oldham, Lancashire. 


lightning 


In carrying out this ~~ oe undertaking, the as- 
t was made by fifteen ordin- 


ainters, weighing from 


from the brickwork, thus providing a secure 





made from { in. round iron, about 9 in. long, driven 
firmly into the brickwork four feet up from the bottom 
of the ladder, and a second iron holdfast four feet down 
from its top. The dogs, or holdfasts, are so formed, as 
will be seen from the sketch, that they can be driven 
into the joints of brickwork and the ladders lashed to 
them 


Having fixed the first length, a free ladder is placed 
against it, which the workman climbs until he can 
reach about four feet above the fixed length, and drives 
into the brickwork a dog, and attaches a pulley and 
block to the same, and one end of the rope reeved into 
the pulley block is brought half way down a second 
loose section of the ladder placed by theside of the first. 
The rope is there fastened, and the second length is 
hauled up by workmen at the base of the shaft until it 
is half its height above section No. 1. It is then tem- 
porarily lashed to the first length, and the steeple jack 
climbs up it and drives another iron holdfast into the 
brickwork four feet above its top. 

He then shifts the pulley block to upper holdfast and 
descends. Length No. 2, still attached to the rope at 
its middle, is then hoisted up to its full height above 
the first length fixed. Theclimber then ascends up the 
rungs of length No. 2, which is still held by the pulley 
block and rope, and drives in a holdfast near the bot- 
tom, and another near to the top, thus firmly holding 
its rungs to the brickwork of chimney, and so the sec- 
ond length forms a continuation of the first one fixed. 
The workman is then able to mount to the top of the 
second length and drive in another holdfast about one 
foot higher, and again with pulley block and rope haul 
up section No. 3, and so on until the cap is reached, 
and here a difficulty presented itself. In Messrs. Dixon’s 
shaft, at about ten feet from the top, a stone cornice 
projects 3 ft., and the ladder inclining outward (see 
sketch) had to be lashed to the one fixed close under 
the cap. When climbing this the workman’s back was 
toward the ground. The top of slanting ladder was 
also lashed to the bottom of the ladder fixed above the 
stone cap. The operation of laddering the chimney 
occupied five hours from the commencement. 








THE SHIP’S CHRONOMETER: ITS HISTORY 
AND DEVELOPMENT.* 
By Henry DENT GARDNER, F.R.G.S. 
Historical. 

In tracing the history of the ship’s chronometer, it 
will make our subject more interesting if we will en- 
deavor, for one brief moment, to put ourselves in touch 
with the era which preceded its existence. The early 
explorers had completed their great voyages and geo- 
graphical expeditions, and had sketched out for us in 
rude outline the — portion of the map of the 
world which we have to-day; but the difficulties of 
navigation were enormous. ith the obscurity which 
attended the determination of the longitudinal positions 
of their ships, it is hardly a figure of speech to say that 
navigators must have groped their way from sea to 
sea. In a typical atlas of the middle of the seventeenth 
century I find the longitude of such places as the 
“Cape,” Cape Horn, Cape Race, Cape Comorin, in 
error from 6° to 12°, and if such was the confusion 
on land, we may be sure it was very much greater at 
sea. I am informed that it was no unusual thing for 
ships, after securing as nearly as possible their proper 
parallels of latitude, to go sailing on, haphazard, until 
they should stumble, so to speak, upon the shores at 
which they were aiming. In order that I may make 
the subject clear to all, let me speak for one minute of 
the method 7 which longitude is ae To 
ascertain your longitude you must know the local time 
of two different places ; you must know the local time 
(the what o'clock it is) of the place where you are ; and 
you must know the local time (the what o'clock it is) of 
the place from which you started, or from which you 
wish to measure. The difference between these two 
“times” will give you your longitude, east or west, at 
the rate of one degree of are for every four minutes of 
time. So now it is evident how the question of longi- 
tude connects itself with the ship’s chronometer. 

Toward the end of the 17th century men’s minds 
were getting very busy with this question of how to 
determine the longitude at sea. There was not so much 
difficulty in finding the local time of the ship's position 
—the perplexing point was how to get at the corre- 
sponding local time of the place from which the ves- 
sel had started. Such watches as existed in those days 
were totally inadequate to carry the time with sufficient 
accuracy ; they would lose or gain at the rate of one 
minute a day for every 10 deg. rise or fallin tempera- 
ture, and would not continue going while being wound. 
Indeed, the idea of obtaining a portable time keeper of 
sufficient accuracy was att.rst derided. On the other 
hand, astronomical methods such as could be used at 
sea were equally imperfect; there were no proper 
lunar tables, no reflecting quadrants, and Greenwich 
Observatory itself had only just been founded. En- 
deavors were made to make use of pendulum clocks at 
sea, and I may mention that their great advantage (if 
they could have been employed) would have been in 
the fact that they would have been affected by changes 
of temperature in comparison with a watch only to the 
extent of one-fifteenth. 

Rewards for ineans of determining the longitude at 
sea had been previously offered by the Spanish and 
Dutch governments: but in 1714, so urgent had the 
question grown, the British government offered a re- 
ward of 20,0007. to any one who could find means of dis- 
covering the longits '« at sea to within half a degree. 
By the act of Partasisent a Board of Longitude was 
created, and this board had power to assist inventors 
and give smaller awards of 15,0003. and 10,0002. for 
methods of determining the longitude to within two- 
thirds of or one whole d . The offers of such large 
suis of money naturally etimalated both astronomers 
and clock makers, but no discovery of anywhere near 
sufficient accuracy ensued until the year 1735, when 4 
certain John Harrison, a native of Yorkshire, and the 
son of a carpenter, made his ap ce in -~ondon 
with aome eeper which he invented and con- 
structed. : : 

In a paper read long-sfterward before the Royal 


——— 
*A recently read before the Royal United Services-institation. 








The paper was illustrated by models and instrament» kindly lent for the 
oceasion by the Scienre and Art Department, the British Horological 


lnstitute, and Mr, Thomas Buckney, F. 


——_—_— 
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Society, there is a most interesting account of his in- 
terviews on that occasion with Dr. Halley, the cele- 
brated astronomer, and Grabam—whose invention, the 
astronomical clock, still waintains its position with 
but slight alteration in every observatory in the world. 
Although they were both competitors with Harrison for 
the great government reward, they afforded him every 
assistance, and it was owing to their certificates that 
he was rap 7 ‘to proceed with his time keeper ina 
king's ship to Lisbon, where itis stated that he was 
able to determine the longitude to within 1° 30’. Upon 
this suecess, Harrison received the assistance of the 
Board of Longitude to the extent of 500/. to enable him 
to proceed with his experiments. For a prolo 

nee he continued his researches, and constru a 
second and athird time keeper. His third time ved 
was an entirely new departure, his former ones having 
been nade more upon the model of clocks than watches. 
Harrison’s third time keeper, which, with his previous 
ones, is deposited in Green wich Observatory, resembles 
in most respects that very interesting instrument made 
by his apprentice, and used by Captain Cook, which is 
the property of this institution. arrison’s third time 
keeper was dispatched upon a trial voyage to Jamaica 
in 1761. Onits arrival there it was found to be in error 
but 5°1 seconds, and on its return to Portsmouth, in 
1762, its complete variation for the whole voyage 
amounted but to 1 minute 545 seconds. Upon this re- 
sult Harrison claimed the reward ; but he did not get it 
until three years afterward—after another voyage and 
further tria We have, fortunately, a day to day re- 
cord of the performance of this historical chronometer 
at the Royal Observatory, which I have, in order to 








1766. | Seconds. =. 1766. | Seconds. headetitaat, 
July 16.....] +1322 63° November 19 +131°6 a” 
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» 3%.....) +1363 co December 3 +112°6 43 
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November 5} +141°1 60 o 25 +117°4 44 
o 12 +124°3 45 March 3.... +127°3 45 




















* signifies gaining. 


facilitate comparison with modern instruments, reduced 
to the present method of weekly sums of daily rates. 
Descriptive—Historical. 

It must now be my endeavor to explain alittle of the 
technical construction of the ship’s chronometer, and 
to speak of the properties and conditions upon which 
its time-keeping qualities depend. First of all, there is 
a mainspring, and like all other springs, the further it 
is wound, the harder it pulls. ou cannot see the 
spring (Fig. 1) because it is contained in the barrel, BB. 


Fic. 1. 








A chain, C, conneets BB with the contrivance, AA, 
which is called a fusee. The function of the fusee is to 
equalize the pewer of the mainspring, for when the 
mainspring is wound farthest it acts upon the thinnest 
part of the fusee—that is, on a lever of shorter radius ; 
and when nearly down on the thicker portions of the 
fusee—that is on a lever of longer radius. Riding upon 
the arbor of the fusee is the great or first wheel of a 
succession or “train” of wheels. The object of this 
train is to convert the strong pull of the mainspring, 
acting for a few turns, into feeble force at the escape- 
ment, acting for many turns. Thus the last wheel in 
the train of a two-day chronometer generally goes 
round about 3,000 times aga st asingle turn made by 
the great wheel, and, were it of the same diameter, 
would press against the escapement with sy55 part of 
its foree. 

The escapement is that portion of the mechanism 
which converts the continuous motion of the wheels 
into the reciprocating motion of the balance. The vi- 
bratory motion of the balance is maintained by aspring 
against which it is thrown at each beat of the escape- 
ment. It is this spring which generally shows so 
conspicuously in every watch a chronometer. Op 
account of its remarkable property, this spring is often 
called the pendulum spring, for, like the cycloidal 
pendulum, it when truly adjusted, the qua- 
lity.of isochronism—that is, it is able to compel the 
balance to perform long or short ares of vibration in 
equal times. This quality is a thematical conse- 
quence of the fact that the fursuesthe spring is de- 
flected, in direet proportion, so much the harder it will 
push. Dr. Hooke, who discovered this fact, gives it in 
the form ‘‘ Ut tensio sic vis,” astatement which he con- 
cealed in the form of an a im for some years. It is 
upon this quality that the time-keeping capacity of all 
watches and chronometers in the first instance depend. 
Until the time of Harrison, however, this spring was 
practically useless for all or any purpose of accurate 
time keeping, by reason of its being so greatly affected 
by change of temperature. 

If the experiment were tried, it would be found that 
an uncompensated time keep +¢ if adjusted to go right 
at a tem, -rature of 32° would lose six minutes twenty- 
five seconds a day ata temperature of 100°. It was 








equal strip of each metal, and fastened them securely 
together side by side. The result whieh followed was 
this: with an increase of temperature his strip of com- 
pound metal bent over on the side toward the steel, and 
with a decrease of temperature his compound strip 
ba) re 
us got on owing upon a tem- 
rature, and he applied it to the pendulum spring, 
ust upon the same principle as is used in ordi re- 
gulation. Every one knows that to make a watch go 
fast or slow the regulator must be shifted, and Harri- 
son's ‘‘ compensation curb” was an automatic regulator 
following c of temperature, Harrison’s other in- 
ventions consisted of the ‘‘ going fusee,” which enabled 
the time keeper to keep going while being wound ; he 
also used a train remontoire which intercepted varia- 
tions in the friction of the train of wheels from reach- 
ing the ment, and he employed a novel form of 
escapement in which the action was more direct, and 
the are of vibration was more extended. When Harri- 
son invented his compensation curb he did not know 
where to put his seguletor, for if he had put the re 
gulator in front of the curb, the curb would have been 
useless, and if behind the curb the regulator would 
have been useless. So he did without one, and this 
accounts for the wide daily rate of his chronometer 
from mean time. It is curious how the same thing 
seems to have puzzled Mudge, Cumming, and 
Berthond. Thus, Mudge had two pendulum springs, 
one for the regulator to act on, and one for the carb to 
act on. In Cumming’s chronometer, the compensation 
existed in applying an open ring of brass to the in- 
terior of a closed ring of steel, and the brass expanding 
more than the steel, lateral motion between the rings 
ensued upon a change of temperature... And Cumming 
having fixed his pendulum spring to the end of a lever 
worked by the expansion of the brass ring, it was so 
pushed or pulled through the curb pins. Berthond 
used an apparatus similar to the gridiron pendulum in 
clocks for obtaining motion upon a change of temper- 
ature ; but he had not only two pendulom springs, but 
two balances geared together, one pendulum spring be- 
ing attached to one, and oneto the other. The idea of 
having two balances geared together originated, I be- 
lieve, with Dr. Hooke, and its object was to prevent 
the turning of a ship affecting the going of the chrono- 
meter. For if two Salanesp are D pena together, you 
have one moving the one way and one the other, and 
any circular motion which would accelerate one would 
retard another, and the mutual effects would cancel. 
We recognize in these days such arrangements to be 
illusory and mischievous, for our modern balances turn 
so fast (at the rate of about 1,800° in a second) that 
there is no time for the ship’s motion to take effect. 
Harrison’s chronometer had no gimbals, as he con- 
sidered them (a notion very much o to ours) de- 
trimental. On the other hand, he desired that the po- 
sition of his time keeper should be shifted in its box, so 
as to counteract the “‘ lie down” of the ship, and this 
as often as the ship changed her tack. I may remark, 
however, that it is very necessary that a ship’s chro- 
nometer should hang steady in its gimbaling; some- 
times a slight tremor may be noticed following 
each vibration of the balance, and this is highly pre- 
judicial. 

It was a Frenchman, Le Roy, who made the first 
great advance upon Harrison's chronometer. Le Roy 
dispensed with anything in the form of a compensa- 
tion curb, and adapted the compensation to the 
balance. After all, the balance is only a kind of fly- 
wheel, and according as the weights upon it are put 
nearer to or further from its center, so it will gain or 
lose. Le Roy applied a mercurial thermometer to the 
balance, the bulbs being outside and the stems turning 
inward, so that when there was a rise of temperature 
the mercury moved toward the center, reducing the 
moment of inertia, and so counteracting the loss of 
elasticity of the pendulum spring. Thie was a great 
improvement, because the pendulum spring, in which 
the time-keeping property of the chronometer resides, 
was not interfered with. In these days, no one would 
think of doing anything to disturb the pendulum 
spring. and when a chronometer ey regulation, 
there are some little screws upon the balance which are 
turned inward or outward. Mudge, who followed 
Harrison in England, still continued to use the com- 
pensation curb, and, I think, made no great advance, 


|although he got 3,000 /. from the Board of Longitude. 


His principal work was to adapt the remontoire to the 
escapement. It is true this invention may have led 
the way to the use of the gravity escapement in turret 
clocks, but it turned out of no service to the marine 
chronometer. The next great inventor and improver 
of the marine chronometer to follow Harrison was 
Arnold. Arnold (unless we are to believe certain 
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French writers, who give preference to Le Roy and 
Berthond) entirely remodeled the fabric of the chro- 
nometer, and, in any case, there is no doubt that his 
patents of 1776 and 1782 are conspicuous steps in ad- 
vanee. Arnold, instead of using a thermometer like 
Le Roy, applied Harrison’s method of joining brass aud 





Harrison who was the first to correct this error. Know- 
ing that brass expanded more tham steel, he toek an 





steel to obtain a bending movement upon the rim of 


R, Rs, the rims of the balance, are steel inside and 
brass outside, the steel and brass being firmly united. 
Upon a rise or fall of tem ture, the rims will there- 
fore either inw or outward, carrying the 
weights, WW, with them, and com ting by the 
change of inertia for the loss or gain in the elasticity of 
the balance spring. By shifting the weights forward 
or backward the rim, the action of the com 

tion is increased or diminished. e screws, TT. are 
for altering the time of the chronometer, as already in- 
timated. Arnold also altered the form of the pen- 
dalam spring; hitherto it had been shaped as a flat 
spiral, but Arnold put it into the form of a cylindrical 
helix with incurvating ends, ‘* rendering all the vibra- 
tions of equal duration, because the re is alw: 
similar to itself.” Lastly, Arnold M, uced the cele- 
brated detached escapement (see Fig. 3). SS is the 
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a. wheel, which is now being held by the detent, 
D. ,R, are two rollers, the smaller being situated in 
the plane of the detent and the larger in the plaue of 
the escape wheel; both are on the same spindle as the 
balance. The balance is now turning in the diree- 
tion of the arrow ; by and by, the finger, Ps, upon the 
small roller, will come round and lift away the detent, 
and the wheel will be free. The tooth, T, will then 
drop upon the _ pallet, P,, and deliver impulse 
to the balance. eanwhile, the finger, Ps, gets clear 
of the detent, which it allows to fall just in time to re- 
ceive the succeeding tooth of the escape wheel. The 
balance now on to the limit of its excursion and 
returns, but in returning the finger does not interfere 
with the detent, for the detent, D, is actually too short 
to reach it. Just now, the finger really unlocked the 
detent by means of the little spring, YY, which is 
fastened some distance down the detent, the little 
spring being supported by the horn or extremity of 
the detent ; but when the finger returns, it merely lifts 
out the spring, as there is upon this side no horn or 
extremity to support it. Both the balance shown in 
Fig. 2 and the escapement shown in Fig. 8 would 
be technically described as Earnshaw’s, because they 
are in the form in which they were left by Earnshaw. 
Earnshaw’s balance differs from Arnold’s in respect of 
the method of making, and Earnshaw’s escape wheel 
has a differently formed tooth to Arnold’s. In Arnold’s 
wheel, the tooth had the figure of an epicycloid, which 
got worn in practice. Earnshaw was a chronometer 
maker of high mechanical ability, and he carried the 
improvement of the chronometer so far that, after his 
time, the government offered no more great rewards. 
It is proper to mention that Arnold’s inventions were 
rewarded with the sum of 3,000/. from the Board of 


Longitude. 
Descriptive—Modern. 


As I am now approaching to within measurable dis- 
tance of our own times, I will no longer pursue the his- 
torical method which has been adopted hitherto, but, 
taking the marine chronometer as I find it to-day, 
will endeavor to describe to you its perfection and im- 
perfection, and what are now the best methods adopt- 
ed of testing and rating it. Marine chronometers are 
made to go for eight days or two days. The two day 
instruments, unless for some ver icular reason, are 
to be preferred, as they have higher numbered center 

inions, and they adwit of larger and heavier balances. 

oreover, the two day chronometer should be wound 
every day. If you open a two day chronometer, the most 
conspicuous part of it will be the balance and pendulum 
spring, the wheel work and escapement being hidden 
between the frames. The brass frames are not gilded 
as watch frames are ; they are better “‘ spotted” and 

lished, because gilding softens the metal a little. 

he holes in which the pivots of the balance and ‘the 
escape wheel play are jeweled. The lower seconds 
wheel pivot hole is jeweled, as is also sometimes the 
upper. The holes in which the pivots of the center 
wheel, fasee, and barre) arbor play are generally left 
in brass, the friction of a brass hole being somewhat 
smaller where the pressure is great. The mainspring 
is inclosed in its box, and cannot be seen, bat it should 
have been hardened and tempered, and well polished, 
and great care should have been taken to avoid eon 
thing like ‘‘ grinding.” The fusee adjustment should 
also have been carefully tested, to ascertain that the 
pull of the yar abe | (increasing as it is wound up) 
was properly balanced by the decrease in the diameter 
of the fusee. The gearing of the wheels should have 
been run with great care. The numbers of the teeth 
in the wheels and pinions are usually as follows : 
Great wheel, 90; center pinion, 14; center wheel, 90; 
third pinion, 12; third wheel, 80; fourth pini 10; 
fourth wheel, 80; escape pinion, 10; escape w , 15. 
If { start the balance of a chronometer, and watch 
the “getting up” of its vibration, I shall see that it 
will gradually reach to an are of about 225° on each 
side of the oe it started from, which we will 
call zero. is means that the amore swing of the 
balance will be about 450°, w would be tech- 
nically called 14% turns. The complete vibration 
should be not less than 400° or over 500°. The angle 
of impulse does not much exceed 40°, and, as you re- 
member, the wheel only gives impulse at every other 
vibration of the balance (see Fig. 3). If we add twice 
five d which is about the angle of ment 
of the little finger, P:, with the sprin , during 
each vibration, we shall find that during two com- 








the balance. In Fig. 2 is shown the principle adopted. 





plete vibrations, amounting in all to about 900°, the 
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balance is only in connection with the escapement 
for about 50°, and swings for the remaining 850° free 
and undisturbed. There is no other escapement so 
detached as this is, and, moreover, the impulse being 
so direct, it needs no oil, which is an unspeakable 





advantage. It ‘s sometimes curious to find, after 
several years of going, that the hard jewel impulse 
pallet, P, has been worn away and pit by the action 


of the brass escape wheel, which remains itself unim- 
paired, while the gold passing spring, YY, which has 
probably been lifted some 300 willion times durin 

the same period, is but slightly marked. Alth 

the balance is so little under the action of the escape- 
ment, it must not be forgotten that it has the vary- 
ing friction of its own pivots to disturb it. Changes 
of barometric pressure can have but little effect upon 
the going of chronometers ; indeed, if the isochronism 
be good, within ordinary limits the effect must be 
unperceivable. Some years ago I placed a marine 
chronometer under the partial vacuum of the re- 
ceiver of an air pump. The pressure was from 13 to 
21 inches, and the trial lasted 7 days. At the normal 
pressure the balance vibrated 440°, but it rose to 
472° at 15°5 inches, and 495° at 13 inches. On the 
other hand, the rate of the normal pressure was 
—0'3 second daily, and its rate within the vacoum 
+02 second daily, which shows a difference of 0°5 
second daily, due to a change of pressure averaging 
about 12 inches. The temperature was uniform 
throughout the experiment. 

In the making and adjusting of the pendulum spring 
the utmost care and skill is requisite. After the spring 
has been hardened, tempered, and polished, it is put 
in position, and a series of trials are conducted. These 
trials are sometimes somewhat laborious. The chrono- 
meter has in the first instance to be got tolerably near, 
in and out of the oven. Then the isochronism is test- 
ed ; this is done by letting down the ratchet, which 
reduces the power of the —a and the are of 
vibration in consequence is lowered. If the isochron- 
ism is found to be imperfect, the chronometer must 
again be tested in the oven, because in the oven the 
vibration is always increased by the action of the heat 
upon the oil, and errors of temperature and isochron- 
ism are mixed up. This process is repeated until com- 

msation and isochronism are found to be correct. It 
8 tolerably well understood that isochronism within 
certain limits as to length depends upon the form of 
the spring. But how complicated the question is has 
been well shown by an experiment of Mr. Kullberg’s. 
Having isochronized a chronometer with an ordinary 
non-expansion balance, he replaced the balance by one 
with cut rims, as shown in Fig. 2. On again testing 
the isochronism, he found it from 12 to 14 seconds a 
day fast in the short vibrations, and he attributes this 





difference only to the increased pull of the centrifugal | 
force upon the cut rims of the second balance. There | 
is a singular error which exists at first in many chrono- 
meters, a tendency to accelerate or gain upon their | 
rates. Mr. Kullberg attributes this to a want of homo- | 
gay due to tempering, one side of the spring being | 
n tension, and the spring as a whole, therefore, weak- | 
er. Asa consequence of the spring being always in| 
vibration, he vonsiders that homogeneity is in time re- 
stored, and so the spring gets stronger. It is desirable 
that chronometers should be left some 2 seconds a day 
fast in the short vibrations, because in the natural 
course the vibration falls off through the thickening 
of the oil, and the excess of gain in the short vibra- 
tions will about compensate for that independent re- 
tardation which is due to it. If a chronometer keeps 
regularly losing upon its rate, it is very probable that 
the pendulum spring is rusting, and losing its force in 
consequences. All springs intended for the Admiralty 
are now left white, as it is found that white springs are 
less attacked by rust. . 

in a paper read before the British Association in 
1834, the author (the late E. J. Dent) gave some very 
interesting particulars respecting springs of different 
* materials which he had been experimenting with. He 
found that while a chronometer with a glass disk for a 
balance and a spring of steel would lose 6 minutes 25 
seconds upon a rise of temperature of from 32° to 100°, 
under the same conditions a gold spring would give a 
loss of 8 minutes 4 seconds, a spring of palladium 2 
minutes 31 seconds, and a spring of - a loss only of 
40 seconds. The chronometer with the glass spring ex- 
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cited some curiosity at the time, and provision being 
made for its compensation, it was tried at the Royal) 
Observatory for a period of nine months. As I believe | 
it to be the only instance of a glass spring ever having | 
been applied to a chronometer, its mean daily rate) 
while there may be of interest. 1833: November, + 0°6) 
second ; December, + 2°0 seconds. 1834: January, + | 
2°2 seconds; February, 2°0 seconds; March, 1°9 seconds; 
April, 2°7 seconds; May, 2°7 seconds; June, 3°3 seconds; 
July, 4:0 seconds. Palladium springs, after being ne- 
glected for so many years, are now again coming into 
use. 

If you open a chronometer which has attained a high 
position on the Greenwich list, zen will probably find 
that it has a balance of very different appearance to 
that shown in Fig. 2. As chronometers became more 
perfect, and the ranges of temperature to which 
they were exposed became more extended, a curious 
error began to show itself. It was found that a chro- 
nometer which was timed to go right at temperatures 
of 90° and 60° would, if subjected to a temperature of 
82°, lose some 4 or 5secondsaday. This error, which 
is called the secondary error, is chiefly to be ascribed 
to the fact that the moment of inertia of the balance 
varies, not as the distance, but as the square of the dis- 
tance of the weights from the center. Suppose the 
compensation weights to move over equal increments 
of radial space for equal increments of temperature, 
and let us assume the radius of the balance at a tem- 
| are: of 90° to be unity, and at 60°, 1-+ 2, and at 

°, 1+ 2#. Then the mowent of inertia of the balance 
(that is to say, its controlling power as to time upon the 
spring) at the three temperatures, 90°, 60°, 30°, will be 
proportional to the squares of the above, viz, 1+ 2% 
+ 2, and 1+ 4a + 42°. But if we grant (as must be 
nearly the case) thatthe elasticity of the balance spring 
varies with the temperature, then the above expres- 
sions ought to be in arithmetical progression, which 
we see they are not, for the last of them is too big by 
2x"; that is to ~y: the moment of inertia in the cold is 
too great, and the chronometer will go slow, as I told 





you. 
Moreover, if you will give the subject a little thought, 





you will see that this error of losing in the cold may be 
varied in two different ways. For, if the chronometer 
be going slow in the cold, you can put the compensa- 
tion weight back on the rim of the balance until it 
goes right. But by doing this, as it was right in the 
heat before the weight was removed, you will cause the 
chronometer to lose precisely as much in the heat as 
it did in the cold. Or, a third course would be to pet 
back the weight half the necessary distance, and then 
the error will be divided one-half in the heat and one- 
half in the cold. What is really wanted to correct the 
error is a balance that shall move faster inward than 
it does outward, or, at any rate, shall move more 
weight inward than outward. There seems to have 
been no successful attempts toward such a balance 
until the year 1840. In that year Molyneux took out a 
pate for a balance, the same in principle as Fig. 2, 

ut having a little carrier inside the rim. In the 
heat, when the rim moved inward, it picked up the 
carrier and took it along with it, but when the rim 
moved outward it left the carrier behind, thus more 
work was done (from mean temperature) for an 
increase of heat than for an increase of cold. 
When Molyneux announced his patent, it turned 
out curiously enough that a certain chronometer 
maker, named Eiffe, had had under trial at 
Greenwich a chronometer with a precisely similar 
balance. As Molyneux had secured the patent, the 
government, at the recommendation of the astrono- 
mer royal, rewarded Eiffe with the sum of £300. The 
obvious objection, in theory, that this arrangement is 
discontinuous in its action, does not seem to be su 
ported in practice, and it is the father of many modi- 
fications. 

The first continuous secondary compensation balance 
was Dent's, patented in 1842, and this consisted of a 
flat bar, composed of steel above and brass below, with 
two loops or staples mounted upon it for the secondary 
compensation (see Fig. 4).* 
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The function of the main bar FB was to accomplish 
the primary compensation, by tilting the weights WW 
to or away from the center, after the manner of one of | 
Arnold’s in 1821. The secondary compensation was | 
effected by the two loops, LL, which were also compos- 
ed of brass and steel united; and in the heat, these 
raised the compensation weights, so that they advanc- 
ed more rapidly toward the center, and in the cold 
they depressed the weights, so that they moved more 
slowly frem the center. Thus the action of the main 
compensation was increased in the heat and diminish- 
ed in the cold. In this way the secondary compensa- 
tion was accow plished. 

Another form of continuous balance (see Fig. 5) was 
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patented by Loseby in 1852. In this, thermometer 
tubes were fitted to the ordinary form of balance, and 
the tubes were so curved that in the heat the mercury 
tended to approach the center with greater and greater 
a 

nother principle of secondary compensation is that 


therefore, in new work, it is desirable to leave the com- 
pensation, if anything, a little slow in the heat. 


Methods of Rating. 


The first annual trials of chronometers were com- 
menced at the Royal Observatory in the year 1822, and 
to stimulate improvements rewards of £300 and £200 
were offered respectively for the two best chronome- 
ters of each year. Afterward, the rewards became 
£200, £170, £130 for the three best chronometers of each 


year. 

The method by which the chronometers were classi- 
fied was as follows : The chronometers were compared 
every day, and at theend of each month the daily 
rates during that month were added together, and an 
average obtained by dividitg by the number of days in 
that month. Then at the termination of the trial 
the difference between the greatest and least monthly 
average was sought out, and this difference was called 
the ‘‘extreme variation.” The difference between the 
greatest and the least daily rate in each month was 
also sought out, and the average of these for the total 
number of months was obtained. After the “ extreme 
variation ” had been multiplied by two, this latter ave- 
rage was added to it, and the sum of the two gave 
the position number. Of course, the smaller the num- 
ber, the higher the position was that it gave. The 
following table, giving the results of these trials, may 
be of interest : 





Trial number. Temperature. 
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As you may see from the temperatures given above, 
chronometers were at that time only exposed to natu- 
ral ranges of temperatures, and it was not until about 
forty years ago that artificial heat was made use of in 
testing them. On the other hand, chronometers are 
not now exposed to the severity of out-of-door cold 
as they were then ; and of late years even the milder 
practice of opening the windows of the chronometer 
room in the winter has been abandoned. In these days 
chronoweters are tried at Greenwich in a receptacle 
called an “oven.” The oven is heated by gas, and 
there is an automatic governor to control the tempera- 
ture. In addition to the ordinary registering thermo- 
meter, an instrument called a chronometrical thermo- 
meter is made use of. Supposing the range of tempe- 
rature indicated by the registering thermometer to be 
95° to 100°, one might wish to know whether the tem- 
— had been mostly at 95° or mostly at 100°. 

ithout exactly answering the question in terms, the 
chronometrical thermometer will tell us the amount 
of the temperature as distinct from its range. The 
chronometrical thermometer is really a chronometer, 
the balance of which is compensated the wrong way 
so as to magnify the change of temperature which an 
uncompensated watch would show. I will give an 
“ee of its use from the Greenwich trial of 1888 
to 1889. 

During the week of July 14 to 21 the mean tempera- 
ture according to the thermometer was 62°2° and the 
chronometrical thermometer lost 129°4 seconds ; but 
during the week July 28 to August 4the mean tempe- 
rature according to the thermometer was 61°, and the 
chronometrical thermometer lost 150 seconds. It is 
evident that, despite the reading of the thermometer, 
the latter was a warmer week than the former, because 
the chronometrical thermometer lost nearly eleven 
seconds more. 

The chronometrical thermometer is timed to go right 
at 60°, and it accompanies the chronometers through- 
out their trials. The number of chronometers annu- 
ally entered is about forty-five, and their trial in gene- 
ral lasts twenty-eight weeks. The trial used to com- 
mence in January and terminate in August, but it now 





adopted by Poole, and in this case the action of the 
rim outward is checked pega and in Fig. 6 is seen | 
a modern adaptation of this principle by Kullberg. In | 
Hartnup’s balance the central ‘‘ Arnold” bar is invert- | 
ed, and there are two other compound bars to increase 
the secondary action upon the rim, the latter being 
beveled to an angle of 45°. In Kullberg’s flat rim bal- 
ance there is also an inverted Arnold bar, and the flat 
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rims perform the same functions as the loops in Dent's 
balance do. In these days there are many other forms 
of balances, indeed, every maker of eminence may be 
said to have one of his own, but they are mostly modi- 
fications of the above. Indeed, the Arnold bar, so fre- 
quently repeated, seems itself to be a modification of 
a balance of Hardy’s, in 1804. In all these compound 
lamina, the brass being the weaker metal is made 
thicker than the steel, from 2 to 1 to3 to 2 being usual 
proportions, Although much thicker than the balance 
spring, the lamina follow a change of temperature with 
great rapidity. On one occasion, in order to test this, 
a chronometer was suddenly removed from a tempera- 
ture of 105° into a temperature of about 28", and, after 
two hours’ interval, the difference in time amounted to 
no more than 0°3 second. After a few years’ action 
the lamina often seem to acquire more flexibility, and, 

* For Pig. 4 the Institution is indebted to Mr. Backney, and for Figs, 5 
and 6 to Messrs, Cassell & Co, 











commences in July and ends in January. It will be 
instructive to follow the course of one of these trials, 
aay that for 1887-1888, which commenced on the 2d of 
uly. 
For the first six weeks the temperature was tolera- 
bly uniform, the thermometer averaging 70°, and 
the weekly loss of the choentmateteal thermometer 
being about 540 seconds. The seventh week was cold- 
er, the best indication of this being in the record 
of the chronometrical thermometer, which lost only 
seven seconds, while the mean of the thermometer was 
63°. (lam not troubling you with the tenths of sec- 
onds or fractions of degrees.) The chrouometers were 
now for the first time put in the oven, and remain- 
ed there for a month, the average temperature being 
94° by the thermometer, and a weekly loss of 2,650 sec- 
onds by the chronometrical thermometer. By this 
time the weather was growing colder, so that on their 
removal from the oven the chronometers experienced 
a sharp fall in temperature, the thermometer giving 
59° and the chronometrical thermometer 278 seconds 
fast for the week which followed. The chronometers 
now remained in the natural temperature of the chro- 
nometer room for a period of six weeks, the tempera- 
ture of the last week being 58° by the thermometer and 
783 seconds fast by the chronometrical thermometer ; 
they were then again placed in the oven. A further 
month in the oven ensued, the average of the thermo- 
meter being 94° and that of the chronometrical ther- 
mometer a weekly loss of about 2,700 seconds. The 
week in the last oven happened to be the hottest, the 
average of the thermometer being 99° and of the chro- 
nometrical thermometer a loss of over 3,000 seconds. 
and upon removal the chronometers again experienced 
a sh fall in temperature, the first week out of the 
oven the thermometer giving an average of 53° and the 
chronometrical thermometer a gain of 869 seconds. 
The chronometers now remained in the natural tew- 
perature of the chronometer room until the termina- 
tion of the trial, which took place on the 2ist of Janu- 
ary, seven weeks afterward, when the average of the 
thermometer was 48° and the weekly gain of the chro- 
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nometrical thermometer 1,272 seconds. There are no 
rewards vow offered for chronometers at Greenwich, 
bat a few of the best instruments which head the list 
are annually purchased for the use of the navy. Per- 
mission to enter chronometers must, in the first place, 
be obtained from the hydrographer. and wakers of 
repute are generally allowed to send two. The method 
of classification which is adopted is as follows: The 
daily rates of each chronometer are added together, so 
as to form weekly rates, and it is only the weekly rates 
whieh are printed. Then, at the termination of the 
trial, the greatest difference which can be found be- 
tween auy two weekly rates of the same chronometer 
is sought out, and we will call this difference a. Again, 
the t difference between any one week and the 
next follow is sought out, and this difference we 
will call b. Then the position number is obtained by 
adding a to 2b, and it is evident that the smaller it 
is, the better for the chronemeter. The reason that 
bisdoubled is that a sudden variation between one 
week and the next following isa much more serious 
defect than an error which has been gradually accu- 
mulating. 

The first table of the Greenwich list gives the rate 
of each chronometer in the legitimate order of time in 
which it was taken. But on the succeeding page the 
rates of the chronometers are arranged in order of 
temperature as determined by the chronometrical 
thermometer. The object of this most useful arrange- 
ment is to enable errors of compensation to be tracked 
out with ease and certainty. It is astonishing with what 
regularity the rate of a chronometer, which presents 
the most perplexing discrepancies when read from 
week to week, will sometimes arrange its rate when 
read in this order of temperature as determined by the 
chronometrical thermometer. In int of fact, the 
chronometer itself might sometimes be used as a chro- 
nometrical thermometer, Plenty of illustrations of 
this can be found in the Greenwich list, and if you 


will divide the errors of the chronometrical thermo- |‘ 


meter by a fixed number, so as to approximate them 
to the errors of the chronometer, and then deduct the 
one from the other, you will find what the chronome- 
ter might have been but for the oversight of the 
maker. Indeed, the Greenwich list, though it may 
seem to the uninitiated but a mass of figures, is most 
interesting and instructive reading. Look at the first 
and last weeks of each list, and you will see how large 
a proportion of the instruments continue to be afflict- 
ed with the error of acceleration, that tendency to 
gain upon the rate which I told you of. Again, you 
—_ find examples of chronometers which “ trip,” in 
which the escapement fails, and the time of which ad- 
vances by fits and starts some seconds. In many of 
the chronometers the balances get “set” on coming 
out of the oven, and then the rate is permanently 
changed. In other chronometers the oil. may ren 
away, and then the rates of such become very unset- 
tled. This question of the oil is a real difficulty to 
chronometer makers. To begin with, the oil has to be 
exceedingly fluid, otherwise it would congeal in cold 
weather, and it follows that unless very little is put 
there may be some difficulty in retaining it at the 
— of the pivots, for the pivots being coned the oil 
as a tendency to creep up the cone, and you may of- 
ten notice the effect of the shifting of the oil on the 
ehronometer in high temperatures, even when the oil 
does not permanently run away. It is therefore not 
at all desirable that chronometers should be subjected 
to high temperatures immediately prior to going on a 
voyage, and every chronometer which is purchased at 
the annual trial has to be cleaned and reoiled subse- 
quently by the maker. 
have madethe following comparison of the ave- 
rage position number of the first ten and of the 
whole of chronometers on trial at Greenwich for cer- 
tain years ; and add the temperatures, as they may be 
interesting. 




















Average position. Average position. 

Year. Number—First ten. Number— Whole. Temperature. 
1868 23 7 52°6 36° to 96° 
1869 20°9 41°8 39 =“ 100 
1870 246 ween 33 95 
187. 24°4 oe 36 “ 96 
1875 23°3 52°0 40“ 92 
1880 30°2 54°5 24 * 104 
1881 | 27 4 56°4 31 ** 106 
1884 | 24-0 ein 44 * 105 
1885 | 25-2 44°5 41 “ 106 
1887-88 | 24°5 45°0 37 ** 98 
— 18°5 45°7 "a 








I will now briefly describe to you a method of rating 
chronometers which has been invented and developed 
by Mr. Hartnup, Chief Astronomer of the Liverpool 
Observatory, which seems to be of extraordinary pow- 
erand utility. The Liverpool Observatory is the pro- 
perty of the Mersey Docks and Harbor Board, and 
great numbers of chronometers are brought from the 
mercantile marine to the observatory for the purpose 
of being rated. Most of these chronometers have na- 
turally no secondary compensation, and in many of 
them the primary compensation has either never been 
adjusted with care or else has got out of order by 
lapse of time. Mr. Hartnup’s method isto try these 
chronometers in three definite temperatures for five 
consecutive weeks in the following order of tempera- 
ture : 55°, 70°, 85°, 70°, 55° and his object is to provide 
data for the calculation of their rates at other temper- 
tures. Moreover, it is evident that the changes of 
temperature being systematically so as to 
return to the same pee ee ar after a given interval 
enable one to distinguish whether the change of rate, if 
any, is due to change of temperature or to some other 
cause. Now you will remember when I was king 
of the secondary error, [ mentioned that it could be so 
divided as to leave the chronometer losing in the heat 
and losing in the cold; as Mr. Hartnup puts it, there ex- 
ists for every chronometer a temperature on either side 
of which the chronometer will have a tendency to lose. 

the data which he obtains by rating the chro- 
nometers as above, and by a series of equations, Mr. 
Hartnup is enabled to find T, the tem ture on 
either side of which the chronometer will ; R, the 








rate of the chronometer at that temperature ; and C, 
the coefficient which when wultiplied by the square of 
any number of d from gives the amount 
of loss for that num of .degrees. I give the follow- 
ing example from Mr. Hartnup’s report : 


Mean Daily Rates. 

















55 deg. | T0deg. | 5 deg. 
8. a. ss. 
Chronometer A......... .. «+> o.ee+| —3°0) —2°0) —3°1 
' ee eeteerrtape sarees | +8°7) +1°3) —2°2 
“ _Penireteneti on sore | —3'5| +0°2| 42:2 





You see that chronometer A loses equally on each 
side of 70°, and is therefore well adapted to ordinary 
voyages. Chronometer B has all its error slow in heat, 
and according to calculation would be most suitable 
for use in a temperature of 9°. While chronometer C, 
having all its error in the direction of the cold, would 
be best adapted for use in a temperature of 104°. From 
data obtained from comparison of upward of 1,000 
chronometers, Mr. Hartnup has found an average 
value 0°0025 for the coefficient C, but of course C va- 
ries for each particular instrument. By the methods 
above stated it is within Mr. Hartnup’s power to as- 
sign rates corresponding to different temperatures, and 
in practice the navigator would consult his thermome- 
ter and then add the corresponding rate. The follow- 
ing is an example of such a rate : 


Rates to be added according to Temperature. 





le 8. 
Ce ee nS one 2 8 43°8 
ate . +3°6 
ee ee 43-3 
ee eee ee 42°9 
ee ee 42°38 
9 











The exactitude with which chronometers follow the 
rates which have been forecast for them is very sur- 
prising. And Mr. Hartnup, in his report of 1883. com- 
pares the performance of the chronometers of the Pa- 
cific Steam Navigation Company with the perform- 
ance of the chronometers on trial at Greenwich, the 
changes of temperature experienced by each being 
very similar. Iam sorry I have no time to follow Mr. 
Hartnup through his most interesting remarks, but 
breaking up the chronometers into three divisions he 
arrives at the following resalt : 

In the case of the Pacific Steam Navigation Compa- 
ny, average difference of daily rate between one voy- 
age of 105 days and the next following of the same 
length : 

One-third best, One-third second best. One-third worst. 
0°14 second. 0°31 second. 0°66 second. 


In the case of the chronometers at Greenwich, ave- 
rage difference of daily rate between the first and sec- 
ond 98 days of trial in the year 1880 : 


One-third best. One-third second best. One-third worst. 
0°88 second. 1°25 second. 1°96 second. 


You see that the chronometers rated upon Mr. Hart- 
nup’s principle have by far the best of it; and al- 
though the year 1880, at Greenwich, was rather a poor 
one, it is evidently not sufficient to account for the 
difference, nor to invalidate Mr. Hartnup’s comparison 
toany sufficient degree. I may add that Mr. gery te 
system is now employed by the government of the 
United States, and also at the Kew Observatory, 
where chronometers can now be rated and certificates 
obtained. 

I must not close this paper without speaking a word 
upon the subject of magnetism. The effect of mag- 
netism upon a chronometer is disastrous,and when 
once thoroughly imparted, it is almost impossible 
to remove magnetism. A portion of the trial of 
each chronometer at the Royal Observatory is devoted 
to trying it with the 12 o’clock placed in turn toward 
each quarter of the compass. In general, chronome- 
ters so rated there are not found to be affected by 
magnetism, but it is a question whether the same 
would hold good for chronometers placed on board 
a modern war vessel, where electrical appliances are 
so abundant. Had I had time, I should much have 
liked to have compared some of the sea-going rates 
of chronometers under such conditions with the 
rates issued on shore. It is very possible that in the 
not very distant future, ships’ chronometers, like the 
watches used by electrical engineers, will have to be 
rendered ‘ non-magnetizable.” 








POTASH AND SODA FOR WASHING 
WOOLEN YARN AND CLOTH. 


It has been repeatedly pointed out, says a writer in 
the Deutsche Wollen-Gewerbe, that for washing wool 
and piece goods the potash treatment,in many respects, 
is better for the wool fiber than soda, and that it is ad- 
visable to use potash either alone or in the form of 
soft soap for this purpose. Although the correctness 
of this assertion is still doubted by many, it is a fact, 
established by numerous experiments, that the effect 
of potash upon wool fiber differs in several important 
particulars from that of soda. This is easily explained, 
for although the two materials have one point in com- 
mon, being both alkaline, and in their combination 
with carbonic acid serve as detergents, they are, in 
other respects, agents of different natures, and in their 
chemical reactions vary entirely from each other. In 
England and the United States, where the use of pot- 
ash is far more general than in Germany, it is said that 
wool washed with potash is much finer and silkier in 
touch than that washed with soda, and is not so liable 
to become yellow. The experiments referred to con- 
firmed the truth of these assertions. It was ascertain 
that samples of precisely the same grade of wool, treat- 
ed with these two agents, showed that the one washed 
with soda was much harsher in feel than the one 


washed with potash, and, after drying, it assumed a 
yellowish tinge not visible in the sam treated with 
potash. The chemical process which the yel- 


low tinge u the wool with soda is still not éufficient- 
ly well explained. é 

It is possible, however, that the influence of the soda 
upon the covering of the wool fiber, which contains 
fairly quantities of sulphur, produces the yellow 
ne iberating the latter. Po has no such re- 
ac’ On the contrary, it has a bleaching effeet. 
The harsher feel produced by the soda shows that it 
attacks the surface of this fiber more strongly than 
potash. Even the fact that the wool pom impregnated 
only with potash salts, but never with soda or its salts, 
is sufficient to show that potash is more appropriate 
than soda, and this is mg accepted where potash 
and the soft soap pre therefrom have been em- 
pean Come ts t wool became harsh and yel- 

w were far less frequent formerly when wool was 
washed with urine, or the goods washed. and fulled 
with earth and potash soap. This injury to the fabrie 
is tly due to misuse of soda or unduly strong lyes. 

he use of these nts, however, is uired to-day 
by many of the grades of wool used in the textile in- 
dustry, especially foreign wools. The necessity of 
employing larger quantities of lye is the reason 
why soda is used as a detergent, for potash would 
be too costly. But whether it is wise to chiefly 
re the cost is doubtful, to say the least. The con- 
sidcration of price should be left entirely out of view 
when it is desired to obtain a white and soft wool. 
The manufacturer who produces white goods, cloths, 
blankets, flannels, etc., should never use any other de- 
tergent than either potash or potash soap. Experi- 
ence shows that soda, even under entirely normal con- 
ditions, exerts an injurious influence on the wool fiber, 
and this fact is now becoming well understood. As a 
— of this, experiments to obtain a milder detergent 
ave been made for a long time, and carbonate of aim- 
monia, a milder form of soda, has been employed for 
wool wash for a number of years, this agent being 
preferred to the ordinary soda, at least where the pre- 
servation of the good qualities of the wool fiber is 
desired. 

From a financial point of view, however, the situa- 
tion is less favorable, because greater quantities of 
ammonia soda, as well as stronger lyes, are necessary. 
Besides this, cases occur, when filthy and dirty wool is 
to be washed, where ammonia soda, even if used in 
larger quantities, is not as effective as it should be, and 
the bath must be strengthened with calcined soda. 
Notwithstanding this, however, the use of ammonia 
soda is advisable for fairly clean wool, as this will give 
it a soft feel and clean appearance, similar to that 
washed with potash. Potash lye and soft soap are 
very excellent agents for the scouring of yarn, and 
should be preferred to soda lye and hard soap, es- 
i { when finer qualities of white yarn are to be 
treated, and it is necessary to have them soft and sup- 
- A recipe for a washing process, which was former- 
y used very yo on | in England, consisted in treat- 
ing the yarn coming from the spinning frame with 
potash lye (244 oz. potash to 10 lb. of water) at a tem- 
perature of 48° R. [148° F.] The yarn was then to be 
rinsed with warm water, and afterward passed through 
a slightly acid bath of —< acid (2 oz. to 10 lb. of 
water), in order to neutralize the excess of potash. 

It is worthy of mention that in this process (Harris’) 
a vacuum apparatus was used. The yarn was placed 
in a cylinder, which was closed hermetically, a vacuum 
being generated by means of an air pump. e scour- 
ing liquor was then introduced. Air was again admit- 
ted in order to increase the action of the lye upon the 
yarn. The yarn was squeezed out after twenty min- 
utes, and the liquor decanted. The excess of lye was, 
in the same manner, neutralized by a treatment with 
sulphuric acid. Soft soap and a little ammonia liquor 


are the best detergents for fine yarn. Soft of me- 
dium strength is also excellent for ee the cloth 
before fulling. By a little attention, it will become 


just as clean as when treated with soda, but remains 
softer in the feel. 

There is far less danger that the colors will be attacked 
or that the pieces will become hard and boardlike, as 
is the case with the least inattention where soda is 
used. Soft soap and fuller’s earth were formerly the 
only agents used for scouring before — y 
have been compelled, however, in nearly all mills, to 
give way before soda, the use of which has become 
more extensive since red oil was first employed as a 
lubricant in the spinning mill. The oils before 
that time were nearly all of a vegetable origin, such as 
rape oil, olive oil, etc., and could not be expelled as 
easily by soda as they could be by potash soap and 
fuller’s earth. 

On the other hand, red oil is easily saponified with 
soda, and the use of this powerful and at the same 
time cheap alkali readily suggested itself for scouri 
purposes. Of course, the operator who uses it m 
exercise great care. If sodais used judiciously, it is 
not so dangerous, the action of this a being coun- 
teracted by the oil contained in the wool. But the 
difficulty is to calculate the quantity of soda and the 
strength of the lye to be employed in neutralizing the 
oil and greasy substances contained in the cloth. Even 
if the intelligent workman were to succeed in this un- 
dertaking, has not the manufacturer to deal with the 
ignorant and thoughtless help? If the lye is too weak, 
the cloth is not cleansed; if too strong, the excess of 
alkali injures the wool fiber and makes it harsh and 
dry. Many fullers adhere to the rule that it is better 
to take too much soda than too little, and do not take 
into consideration how much they injure both the ap- 

ce and the quality of the cloth. The finisher 

nows too well how often he is called u to expend 
his art on hard, boardlike pieces of which, even 
though he may exert his best efforts, will never become 
soft and pliable, while yellow and dirty-looking goods 
can never be bleached, no matter how much they may 
be sulphured. All these disagreeable occurrences are 
avoided by using only soft soap for the washing of 
woolen cloths prior to fulling, that is, a soap contain- 
ing the correct proportion of alkali. The increased 
cost of this detergent is more than compensated by the 
improved quality of thecloth. It is, of course, a pri- 
mary condition that the soap be free from adultera- 


ed | tions, such as starch, water giass, etc. The manufactu- 


rer is sorely tempted to use adulterants, and the fact 
that the soap is often marketed in this condition has 
contributed not a little to the general introduction of 





soda. The ammonia soda has recently been employed 
for stuff washing, but for this purpose soft soap is 


preferable. 
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AUTOMATIC HEATING OF WINES. 


Tue heating of wine dates from the beginning of our 
tren gent £ It was done at that epoch, in the southern 

art of France, for the purpose of aging wines designed 
‘or shipment to 4 distance. 

Later on, the labors of Mr. Pasteur demonstrated 
the advantage that might be obtained from heating 
wines, as regards their preservation. Mr. Houdart, 
who has devoted a great deal of attention to the sub- 
ject, has devised an apparatus (which Mr. Eyrot is 
constructing) for the automatic heating of the ordina- 
ry wines of commerce. This apparatus consists of three 
parts: A boiler, a wine heater and a refrigeratory. 

In the thermo-siphon boiler, D, the water designed 
to transmit heat to the wine is heated. The heating is 
effected either by gas or «team, but never by direct 
fire. It is the only means of obtaining a constant and 
uniform temperature. The figure shows a boiler in 
which the heating is done by a series of gas burners, 
the flame of which is directed into seamless copper 
tubes, which, after traversing the water several 
times, end at the draught chimney. At F may be 
seen an automatic temperature regulator, which 
regulates the discharge of the burners and is regu- 
lated by the temperature of the wine itself. C is the 
wine heater, in which the wine is heated by the 
water through a large number of long tubes of small 
diameter. The wine circulates slowly in these tin- 
lined tubes, so that its molecules remain fora long 
time in contact with the sides of the tubes, heated ex- 
actly to the desired temperature (62° to 65°). Bis the 
peltineratory in which the hot wine is cooled in contact 
with the cold wine that circulates in an arrangement 
of tubes identical with the one just mentioned. This 
refrigeratory is surmounted by a reservoir, A, into 
which the wine is introduced through a float cock that 
keeps the level of the wine constant, so as to effect a 

















APPARATUS FOR THE AUTOMATIC HEATING 
OF WINE. 


very regular discharge, which is regulated by means of 
a cock, I, provided with a dial. Two thermometers 
mark the maximum temperature of the heated wine 
and that of the water in the boiler. 

The various elements of the apparatus are easily 
taken apart, the heating and cooling surfaces are very 
wide, and, finally, the whole responds to the theoreti- 
eal conditions prescribed by Mr. Pasteur, to wit: (1) 
heating of the wine protected against contact with the 
air; (2) regularand automatic heating in the boiler, 
the water being at a temperature near that to which 
it is desired to bring the wine; (3) a nearly perfect 
cooling of the wine before its exit from the apparatus, 
so that the air may not alter it; and (4) preservation of 
the gases and aromas that the wine holds in solution 
before the heating. 

There are four types of this apparatus. The largest 

rinits of heating from 750 to gallons of wine per 

our to a temperature of 60°. The price of the appa- 
ratus designed to be heated by gas is about $1,200.— 
Annales Industrielles. 


REFINED WOOL. 
By E. J. FIscHER. 


It is well known that bair and wool are of tabular 
structure, the tubular cavity serving as a duct for an 
oily substance supplied by the animal to keep the wool 
soft and pliable. 

When the wool is removed from an animal, the oil 
within this tubular cavity or duct dries and becomes 
hard, thus forming a pith or marrow, which is not re- 
moved by any of the cleansing processes usually prac- 
ticed, and this oily or fatty substance or impurity with- 
in the cavity of the wool imparts color to the wool after 
cleansing, and also prevents its thorough impregnation 





‘animal matter other than the true fiber, with slight 
| liability of shrinkage after being made up, should make 
this subject one of universal interest. 





with dyes. 





The processes heretofore employed for cleansing hair 
and wool only serve to free the material under treat- 
ment from the natural surface coating or ‘ yelk ” and 
foreign matters adhering to the surface, that have a 
tendency to repel the dye. 

A refining of the fiber by the removal of this pith or 
marrow would effect some very desirable results, as 
will be seen by the following notes, extract of a paper 
lately read before the Custom Cutters’ Association : 

We are compelled through necessity to import English 
woolens. 

To manufacture good woolens requires four years’ 
process of the wool. 

In each fiber of the wool is a cavity which contains 
oil. It cannot be washed or scoured out, it must be 
thoroughly dried. 

The American wanufacturer will not take the time 
to place his wool in proper condition. The shrivking 
of the raw material and the protracted investment of 
his money urge him to use wool improperly prepared. 
In dyeing such wool the oil which remains repels the 
coloring. It also causes the shrinkage which is so ob- 
jectionable in domestic woolens. 

Superior texture attained. Thesoftness of fine cloth- 
ing wool is next in importance to the fineness of the 
fiber, and consists in the peculiar feel, which approaches 
to that of silk or down. 

In the harder wool the fiber is elastic and hard to the 
touch, and cloth made from it has the same hard feel. 
It is also more loose in its texture. 

The difference in the value of cloth from two 
kinds of wool, equally fine, but one distinguished for 
its softness and the other for the contrary quality, is 
such that, with the same process and expense of manu- 
facture, the former will make a cloth more valuable 
than the other from 25 to 50 ~ cent. 

By the employment of such refining upon the best 
grades of our wool, we may be enabled to obtain an ar- 
ticle equal to the celebrated India product. As this 
treatment has a tendency to bring about a condition 
of greater softness of texture in wool, as also greater 
beauty and lusterin mohair and camel’s hair, besides a 
capability of absorbing the dyes more thoroughly, ow- 
ing to the extraction of fatty matter from the tubular 
cavity. It is very evident that if the American manufac- 
turer of woolens desires to successfully compete with the 
foreign make, he will have to commence at the outset 
with the treatment of the crude material, which should 
necessarily be in a condition so as to admit of the sub- 
sequent processes of manufacture resulting in a mate- 
rial and of a finish par excellence. 


LESS SUSCEPTIBLE TO MOTHS. 


It appears rather conclusive that the chief nourish- 
ment for moths consists in the pith of the woolen or 
fur fiber, since the more vitality the fiber as yet con- 
tains, the greater the liability of such to become the 
prey of the pest. 


FINER FELT AS A RESULT. 


Wool and hair having the pith removed will also felt 
much more readily and result in a closer as well as 
finer article. 

All these results considered, and the fact that it will 
result in the production of a woolen garment free of all 


HOW ACCOMPLISHED. 


The next practical question arises as to how this 
marrow or hard pith ay be removed without injury to 
the fiber itself. 

After the wool has received the customary cleansing, 
such as washing and scouring, to remove the external 
impurities, the same should be placed into a vat 
provided with a false bottom, and beneath this a dis 
charge opening, care being taken not to crowd or pack 
the material, and then run in sufficient clear water 
(either cool or lukewarm) to completely cover the mate- 





rial under treatment. 

This charge of water is allowed to remain in the 
vat twenty-four hours, and is then drawn off through | 
the discharge opening below the false bottom, said 
false bottom serving to prevent the loss of any of 
the material under treatment, though permitting the 
passage of any ee that have been removed from | 
the surface of said material. Another charge of clear | 
water is then run in the vat and allowed to stand about | 
the same length of time as the first charge, and this | 
changing of the charges of water is continued for thirty | 
days, or thereabout, the material having become by 
its continued submersion very soft and somewhat 
water soaked. 

When the material under treatment has attained this 
condition, it will be found that the dried oil or fatty 
matter contained in the tubular cavities of the air or 
wool has become sufficiently soft for removal by a sub- 
sequent treatment. 

he last charge of water should now be drawn off 
and a saturated solution of sal soda or any other saponi- 
fiable substance substituted, the material being allow- 
ed to remain in this solution for about a week, wore or 
less, until the fatty pith or marrow within the tubular 
cavities of the fiber is taken up by the solution, which 
may be determined from the fact that the liquid of the 
bath takes the color of the matter removed from the 
cavity of the fiber. 

During this step of the process it may be necessary 
to enrich the solution by the addition of sal soda or 
other ingredient used. 

The material is now thoroughly washed in clear water, 
to free it from any chemical absorbed during the last 
step of the treatment, and then dried for use, as the 
surface impurities were removed early in the clear 
water stage of treatment. 

The drying process may be hastened by first passing 
the waterial through a wringer, as is sometimes prac- 
ticed. This process is inexpensive, as the saturated 
solution used therein may be recovered or restored by 
filtration through sand, gravel, and charcoal, and re- 
used when strengthened or enriched by a small quan- 
tity of the sal soda or other ingredient. 

It will be observed that the solution employed to 
combine with the pith of the fiber should be of a satur- 
ated density or strength. This will then coat the fiber, 
and penetrate the same without the danger of the ex- 





haustive influence such liquid would have if merely 
charged with the saponifiable substance. 


PREPARATION OF CEREALS FOR BREWING. 
By A. Perry, London. 


THE object is to render rice and other grain more 
suitable for brewing, distilling, vinegar waking, and 
for purposes of food. For this purpose the grain is 
first submitted to the action of hot water to cook the 
grain and saccharify the starchy constituents. It is 
then shredded in a suitable machine, and the shreds 
removed and dried. 

The apparatus used in the above processes is shown 
in the illustration. The rice or other grain is fed to 
the hopper and falls into the cylinder, B, where it is 
propel ed by the helical blade, C, to the gauze cylinder, 

. The gauze cylinder has secured in it a helical 
gauze blade, and revolves about its axis rtly im- 
mersed in nee | water. The water is heated by steam 
supplied throug Pipe, E. Asthe cylinder, D, revolves, 
the rice is conveyed by its helical blade along the cylin- 
der until it is finally discharged in the cylinder, F, 
from which it passes to the shredding machine. Dur- 
ing its travel through the gauze cylinder the rice is 
partly cooked by the boiling water. The shredding 
machine is composed of a cylindrical vessel, G, with a 
perforated bottom. In the vessel are heavy rollers, H, 
which are revolved and roll over the surface of the per- 
forated bottom. The rice, therefore, as it falls into 
the vessel, is forced through the perforations, and issues 















































in a thread-like shape. These shreds, as they fall from 
the shredding machine, are received upon the travel- 
ing belt, I, which conducts them through a heated 
chamber, J, todry them. The dried shreds are finally 
removed from the chamber by a second belt, K. The 
chamber is heated by a furnace, L, which can also be 
made to heat the boiler supplying steam to the 
trough, M. 








IMPROVED AUTOMATIC TENSION FOR 
DRIVING ROPES. 


THE old principle was to have one rope to one groove, 
and to have several ropes to one drive, and the diffi 
culty was to get all the ropes on one drive of exactly 
the sane diameter, as, when some were ir the slightest 
degree less than others, they would fall deeper in the 
groove, and thus attempt to drive the driven pulley at 
a different speed from the others, but as this was im- 
possible, some used to slip, and thus put a brake on 
the pulley. Hence the waste of power. Io obviate this 
difficulty, many devices have been brought out, among 
such has been a continuous rope wound spirally round 
the pulleys, but with a rigid tightener, which dues not 
allow for any extra power that way be put on, or for 























IMPROVED DRIVING ROPES. 


any atmospheric changes, thus only partly remedying 
the evil. But Mr. Rateliffe, of Newton Moor, has in- 
vented a system of a continuous rope, with an auto- 
matic tightener, which is very accommodating, as it 
requires no adjustment whatever after it is once 
started, the rope being always kept at one uniform 
tension throughout by a weighted pulley, over which 
the slack side of the rope passes, which weight, of 
course, can be increased or diminished according to 
the power wished to be transmitted.—Journal 0/ 
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THE ARC LIGHT FOR PROJECTION.* 
By Dr. L. H. Laupy. 


A GENERAL adoption of the electric are light for pur- 
poses of projection is not far distant, and having de- 
voted some time to the subject, following it up from 
the days in which the current was produced from bat- 
teries until acta when we have on tap a current of 
electricity as we have gas or water supplies, it seems 
most, fitting that my experience shohid we given to the 
members of this society, and my object in inviting you 
here this evening is to give you some eee 
facts, and ask your verdict as to its application for 
lantern projections, 

Our usual method has been to make use of incandes- 
cent lime. This was a great advance from the oil ay 
and to-night we take probably the last step in this di- 
rection of improved illumination and make use of the 
most intense artificial light known to science. 

Artificial light is generally produced by raising some 
body to a high temperature. If the temperature of 
the body be greater than that of the surrounding at- 
mosphere, it parts with some of its energy in the 
of radiation, and at a high temperature this radiation 
becomes sensible to the eye, passing from red, yellow, 
green to blue and violet. At the present time for all 
artificial illumination the radiant body is some form of 
carbon, either incandescent or combining with the 
onygen of the air. 

he electric light is the outgrowth of the experi- 
ments of Sir Humphry Davy, made at the Royal In- 
stitute, London, in 1801, when he used 2,000 cells, with 
which he decomposed Na and K and separated their 
metallic bases. 

These experiments were repeated and extended, and 
by using charcoal points as terminals an intense and 
dazzling light was produeed, to which the name voltaic 
arc was given. Foucault used a more dense form of 
carbon for his newly invented lamp or regulator, pro- 
ducing a more steady and uniform light. 

The arc light when produced from a batiery, brilliant 
as it is, was confined to the lecture room or an occa- 
sional outdoor ry The fatal difficulty was the 
labor and cost of the electrical energy, and it was not 
until the discovery of induced currents by Faraday 
that this obstacle was removed. 

It was many years before any practical pggtntian 
was made of this most iniportant electrical discovery, 
and it required the combined forces of Nollett, Von 
Maldern, Holmes, Wilde, Ladd and Siemens to pro- 
duce by mechanical means, direct from motion, a sup- 
ply of electrical energy that would equal that produced 
from the battery. ven as late as 1870 this did not 
seem — for the best dynamos at that time yleld- 
ed only a sinall amount of electrical energy. 

In 1871 Gramme presented to the Academy of Science 
a description of anew form of magneto-electric ma- 
chine possessing new features, which were su remarka- 
ble as to astonish all the world. Gramme conceived 
the idea of using a ring, and rotating this between the 

les of a magnet in such a way as to prevent reversals 
inthearmature. Many ridiculed thisidea. Neverthe- 
less it produced in practice a machine that yielded 
large currents at much less cost, and laid the founda- 
tion of our present system of electric lighting. 

From whatever source the electricity is supplied to 
produce light, it is necessary that the current meets 
with a resistance, and this condition is best fulfilled 
when two pieces of carbon are made to touch and then 
slightly separated. The current io passing between the 
space so increases the resistance as to produce light of 
great intensity, and is called the arc light. 

That a constant resistance may be maintained favor- 
able to the production of light, some mechanical device 
that will separate and regulate the distance of the car- 
bors is essential. 

Such an apparatus is called a regulator or are lamp. 

There are few inventions on which so much ingenui- 
ty has been expended as on arc og The number is 
already very great and is on the increase, and every 
bulletin of the patent office is sure to contain several 
inventions of this kind. 

Between the better lamps there is not much to choose 
for ordinary illumination, but for special purposes, as 
in the case of lantern projection, some points are of 
vital importance, for the success will depend mainly 
upon the steadiness, good behavior, and the excellence 
of the automatic feed quality and position of the car- 
bons, together with a uniform action of the dynamos. 

At present are lights are ran both by continuous and 
by alternating currents, é. e., in some cases the current 
is steadily in the same direction, while in others the 
current consists of pulses, alternately positive and ne- 
gative, succeeding each other at the rate of from 200 to 
300 per second. , 

The first lamp for regulating the position of the car- 
bons was devised by Thomas Wright, of London, in 
1845. A few years later Le Molt, of France, devised a 
clockwork regulator which kept the light steady for 
several minutes at atime, but the flickering was too 
great to make it of any practical value. These were 
followed by Archerean, Lnanatnaine and Garffe, each 
lamp an improvement on the other, which brought 
the standard of regulators near to practical applica- 
tion. ° 

In 1849 Foucault devised a clockwork regulator that 
differed in many details from the ones before used, and 
gave comparative satisfaction. It was extensively 
employed for scientifit purposes, and, in fact, was the 
only lamp that was suitable for lantern projection, and 
is to-day used in many physical laboratories in prefer- 
ence to other lamps. 

The next advance was by Serrin, whose regulator 
kept the carbons exceedingly steady and maintained 
them in their relative positions. This lamp has been 
used for lighthouse illumination and still otains that 
position, for, like the Foucault, it is a focusing lamp, 
the funetion of which is to maintain the carbons at a 
central point. To produce this effect the carbons are 
so arranged that a different motion is imparted to each, 
that the wearing away may be compensated for by a 
more rapid movement of the positive pole, with only a 
gradual waste of the negative carbon. this simul- 
taneous approach of both carbons, the tive moving 
through double the distance of the negative, the are 
preserves its normal length and ise pees is wain- 
tained in space. This is accompli by an ingenious 
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mechanical device, actuated either by clockwork or 

The _ f the length of that shall 

regulation o' are pro- 

duce the most intense light with the least current is 
confined to very narrow limits, and the mechan 
construction of the lamp that will yield satisfactory 
results must be most perfect. In many of the lam 

is regulation is still wanting, and lamps lacking the 
above essentials, that are le ther without regard 
to any electrical laws, with the that chance may 
make them work, produce a hissing and bammering 
noise that is disagreeable when silence is required, and 
are not to be recommended for any purpose. 

However well the regulation, due to the electrical 
and mechanical part of the lamp, they cannot regulate 
the minute accidental variations in the structure of 
the carbons, which causes a shifting of the arc or chas- 
ing, and as the are flies around, the direction of maxi- 


} mum ewission will-change with it, These fluctuations 


produce immense variation in the wet of the light, 
ng back and forth from to 2,000 candles. 
improvements have been effected in the homo- 
geneity of the carbons, and the time is not far distant 
when the flickering will be entirely removed. 
The mechanical and electrical regulating devices are 
all that could be desired, and at present the light is 


not too irregular to 
tion. With ony pee tion results may be obtain- 
ed that far in brilliancy any of the old methods 


—= 2 
his matter of increased intensity is of great import- 
ance, especially in large publie where in many 
cases the picture is enlarged many hundred times with- 
out pheed pw the diminished light produced by means 
of the oxyhydrogen light. 

In considering the application of the electric light as 
a source of illumination, it is very important to notice 
oes what position the carbon poles must occupy in re- 
ation to certain requirements. 

For outdoor illumination the axes should coincide, 
that the crater formed in the upper carbon may act as 
a reflector, and thus produce an increased downward 
illumination. 

Advantage is taken of the crater-like reflection to 
cast the rays at variable angles in a given direction. 

To obtain the best effects for lantern projections the 
carbons are a so the axis of the upper carbon 
coincides with the edge of the lower carbon farthest 
from the condenser. In this position of the carbons 
the light will be concentrated upon one side and radi- 
ate freely in front, will be cut off from behind, with 
little escape at either side. From this it follows that 
many different results can be obtained, depending upon 
the position of the carbon. 


CLASSIFICATION. 


It is more or less difficult to make a classification of 
arc lamps in their present state, or divide them into a 
few distinctive aes 

The old classification divided them into monophotal 
and ney are 

In the former the electro-magnet system, which pro- 
duces the adjustment of the distance of the carbons, is 
traversed by the main current and is adjusted for a 
constant current. This prevents a number of lamps 
maine: phases in series, as the approach of the carbons 
is produced by mechanical means independent of the 
current. 

Polyphotal lamps are adjusted for a constant resist- 
ance of theare. his is effected by placing the regulat- 
ing apparatus in a shunt of the main current, which is 
also supplied with a cut-out device to short-circuit the 
lamp in the event of a disconnection in the arc. 

The objection to this classification is that one would 
be transferred to the other by an alteration in the wind- 
ing of the coils. 

The better or later division is to class them either as 
series or parallel, which is dependent upon .electrical 
conditions rather than mechanical. e may again 
subdivide them as a matter of convenience into— 
Hand regulation. 

. Actuated by a spring (clockwork). 
Train of wheels and gravity. 

. Differential and gravity. 

Clutch and dash pot 
Electro-motor. 

. Focusing. 

Electro-magnet and dash pot. 

9. Lever movement. 

The most important consideration is simplicity of 
coustruction and sensitive motion of carbons, with 
speed to allow of instantaneous adjustment. 

These conditions are changing at each variation of 
resistance, which alters with the change of tempera- 
ture in the conductor, and this again varies the poten- 
tial, so that it is impossible to keep the are constant. 
For any increase in the current the wire coils are heat- 
ed with an increase of resistance in the lamp. To 
regulate these variations and to secure the proper pro- 
portions we meet with colliding difficulties and are 
confined to narrow limits in order to reconcile them. 

The necessary features in construction of a lamp 
are: 

1. Striking mechanism or separating the carbons. 

2. Feeding. 

3. Replacing, to put in new carbons (trimming). 

4. Moderating, to prevent carbons striking or ham- 
mering. 

5. Change over for two carbons. 

6. Cut out. 

7. Clamps for carbons. 

8. Driving power, which may be clockwork, gravity, 
weights, electro-magnets, and electro-motors. 

The operation of an arc lamp consistsof two move- 
ments: 

First. The withdrawal of the carbons or striking the 
arc, which is caused by a stout wire coil placed in the 
main circuit. 

Second. The h of the carbons, which is 
brought about by a thin wire coil of high resistance 
placed in the shunt. 

There is also added a cut-out cireuit, which consists 
of ashunt coil and a series coil. These are so wound 
as to help each other’s magnetic power, and the series 
coil must itself be a shunt to the main cireuit of the 
lamp. As the carbons burn away the are gets longer and 

there is an increase in the resistance. diminishes 
the current’s strength in the magnets, and the carbons 
deseend until 4 meet and again form the are. 
he design of the lamp depends upon the condition 
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with which it is to be supplied with current. That is, 
whether it is supplied by a constant potential with va- 
riable current, as is furnished by the Edison company, 
or low tension current, that is having a voltage of 115 


ical | to 120 volts; or whether it is fed from a variable poten- 


tial and constant current of high voltage, as is used in 
series arc —-. This current is known as the high 
potential, and voltage runs in most cases from 
1,000 to 3,000 volts. The objection to the latter is that 
to make any adjustment of the lamp the current must 
be turned off, and the lamp cannot be handled with 
the current on without danger, possibly attended with 


fatal results. 
The current used for ——— should be the low 
tension, for with this the pcan be handled without 
danger and all the adjustments may be made while the 
lamp is in operation. 
hen using the low tension current it ie necessary to 

have some resistance in circuit, when operating with 
one lamp, to ent down the voltage and deliver the 
proper amount of cufrent. This resistance may be 
either coils of wire or low resistance lamps placed two 
in series and three in parallel. With four or six of 
these lamps the proper voltage will be delivered to the 
are regulator with a current of from ten to twelve am- 

res, This form of resistance is more compact and the 
— are now made for this special purpose. 

The great advantage over all other methods of illu- 
mination is its small cost per candle power, its intensity, 
whiteness, and lel “ These properties make 
it especially Well adapted for purposes of projection, 
as it admits a larger number of rays to pass through 
the optical center of the condenser. 

The intensity of the are light has been variously es- 
timated at from 400 to 2,000 candle power. With a 
variable arc this will take place, but for purposes 
of projection this objectionable feature has been 
removed. With a proper position of carbons these 
changes in the intensity of the light fall within narrow 
limits, and the fluctuation due to the mechanical move- 
ments in the lamp is small, as the interval of the feed 
is about two seconds. The intensity of the light when 
the carbons are arranged as described for projection 
is from 1,200 to 1,500 candle power. 

It is essential that the wires used to deliver the cur- 
rent to the regulator should be large enough to prevent 
heating, as all the heat must be made visible at the 
carbon points and none lost in the wires. It is better 
to have a separate set of wires starting as near the 
wains as possible with proper cut-out and fuses. 

Estimates will be furnished by the company for this, 
as the work wast be done by those skilled in the art, 
otherwise the proper conditions may not be fulfilled. 

I have avoided using electrical and mathewatical 
calculations, and to some this may seem a strange 
omission, while to others it will, I hope, make the ar- 
ticle more readable. 








ELECTRIC FURNACES. 
By E. Taussie, Badrenfeld, Germany. 


THE object of this invention is to provide for the 
casting of objects with a smooth, non-oxidized surface, 
and to avoid the disadvantages arising from the admis- 























sion of air during the melting and conveyance of the 
wolten material to the casting apparatus and moulds. 
The metal is welted in a crucible, B, by electricity. 
The crucible and the moulds, C, are inclosed in a cham- 
ber, A, from which air is exhausted by any suitable 


means. To watch the process, the chamber, A, is pro- 
vided with windows, D. The metal is ee by with- 
drawing the plug, F, attached to the handle, The 


heating device consists of a negative carbon rod, G, 
which is suspended with a Siemens electric furnace 
upon a balance lever, G. Hand I are the negative and 
positive wires, leading to some source of electricity, 

laim : The method of melting and casting metal in 
a rarefied atmosphere consisting in arranging an elec- 
tric melting furnace of suitable construction, with the 
casting mo yea and moulding boxes in a chamber 
within which the air may be suitably rarefied during 
the melting and casting, with means for controlling 
said parts from outside the chamber without disturb- 
ing the atmospheric pressure in said chamber. 








ELECTRIC LAUNCHES AT THE EDINBURGH 
EXHIBITION. 


PROPULSION by electricity is effectually demonstrat- 
ed at the Edinburgh exhibition. The site favored this, 
as it is ~ may + foe Union sae. and four morse 
are running on the canal ese, kavs Engineering, 
were d by Messrs. Morton & Williamson, Glas- 

w, and built by Messrs. T. B. Seath & Co., Rutherglen. 
he dimensions are 40 ft. long, 6 ft. 6 in. beam, and the 
draught of water is 2 ft. 1 in. They each carry forty 


passengers. 

The electrical equipment has been cay ey by Messrs. 
M. Immisch & Co., don, and is similar to that used 
on the Thames launches. The charging t consists 
of a 25 horse power engine and an Immisch dynamo, 
and the switch arrangement is suitable for charging 
all the four launches at the same time. The recharg- 
ing ie done during the night, and the launch can run 
ten to twelye hours. The motors are capable of an 
output of about 344 brake horse power, working up to 
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800 revolutions per minute, and the speed with the 
maximum load ov board is six miles an hour. The 
Papeete are coupled direct to the motor shafts. A 

ll bearing thrust block is attached to the motor's 
bed and is constructed in combination with the plain 
bearing of the motor. The steering, starting, and re- 
versing gear is so arranged that one man has the 
launch entirely under control. These, so far as we 
can learn, are the first electric launches which have 
been worked commercially in Scotland. 


FISHERY SKETCHES. 


Ws give from the London Seaphte a few ivteresting 
sketches relating to American fishery industries. 


THE HORSE’S HOOF.* 
By Dr. WILLIAMSON BRYDEN 


THE variety of hoofs found under different circum- 
stances and at different periods, and the information 
derived from a study of them ina state of nature and in 
domestication, reveal to us not only their susceptibil 
ity to favorable and unfavorable influences, but also 
the potency of different surroundings in accomplishing 
changes and modifications in their form, size, and qua- 


lity. 

A proper appreciation of this is indispensable to the 
breeder and the veterinarian who would cultivate the 
hoof successfully, for in proportion to our comprehen- 
sion of the subject will be our ability to overcome in a 
more natural way undesirable deviations in its growth, 
the result not only of congenital influences, but also of 
acquired defects as well. When this is supplemented 
by judicious surgical skill, our ability to prevent, to 
improve, or even to overcome, defective forms and 
qualities will prove a most important accomplishment 
and lead to studies of the horse’s locomotive organs that 
will be found of very great interest to students of com- 
parative medicine and surgery, especially in branches 
such as orthopadics and athletics. 

As illustrating the effect of climate, soil, and country 
in determining the character of the hoof, permit me to 
repeat what is told us by a celebrated African traveler 
(1 think Sir Samue! Baker), that in Nubia and some 
districts on the banks of the river Nile, ‘ asses have 
hoofs as large as our horses.” This evidently comes 
from an excess of moisture in the ground on which 
they have been brought up. 

We are also aware that the hoofs of horses raised in 
mild climates and on low soft ground are large and 
round, with frogs covering one-third of the area of the 
sole, while those raised on dry and hilly countries have 
swaller hoofs, from want of moisture and other 
causes. 

The lesson this teaches when applied to an individual 
is, if a certain animal has hoofs that are smal! and 
dry, pasture him where the ground is soft and moist ; 
if the hoofs are large and spongy, pasture on drier up- 
land. On some farms there may be ground suitable 
for certain kinds of grain, while other parts of the 
saine farm may be quite unfit for such a crop. It is 
much the same in selecting suitable pasturage for our 
young horses. 

If a breed of animals of excellent quality, pedigree, 
and record, after intelligent tests by crossing, continue 
to produce a large percentage of progeny with poor 
hoofs and defective limbs in the North, where the win- 
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ters are long, change them to farther south, where 
enough exercise all the year round can be assured, and 
the chances are that a desirable family of animals 
may be perpetuated, instead of being allowed to gradu- 
ally drift to decrepitude, 
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before the grass comes. It is confined in a pen, per- 
haps on dry plank floors, quite unsuitable for its ten- 
der little feet, which nature intended for a soft pasture. 
When spring opens, the weather may be dry, the soi! 
poor or otherwise ill suited to repair the wischief. An- 


‘ 


SHAD FISHING ON THE POTOMAC. 


In every locality, even the most favorable, the re- 
straints imposed by domestication yearly ruin many 
of our finest young animals, the want of wear and tear 
to the hoofs and exercise to the limbs being a most im- 
portant factor in leading to such misfortunes. 

Take, for example, a foal born a couple of months 
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other period of five or six months’ imprisonment is 
soon reached, and this is repeated till maturity. 

When we reflect that we have not merely a single 
organism, but that each animal has four hoofs, and 
that these and the limbs above must reach maturity 
in a fairly symmetrical and unblemished condition, 
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the necessity for intelligent watchfulness and super- 
vision becomes apparent. 

To explain this more fully: Take a yearling. He is 
well bred, looks well and is free from any noticeable 
lameness. On examining his feet, however, it is found 
that he places one hind foot evenly on the nd ; 
the other foot he places more on the toe. If this con- 
tinues for a year or so during the growing 
of his life, it is evident that among other —- 
in the hoofa, they will differ in shape, the heel of the 
one that bears most on the toe will be narrowest, and 
it is im ible that the limbs above can 
alike. Consequently their action or gait will dif- 
ferent, and also the predisposition to disease. 

As an illustration of the effect on the limbs above 
when the weight is thrown irregularly on the hoof, or 
when pain or other disordered conditions of the foot 
re-acts on them, I will describe a five year old horse of 
good size and weight, as follows: 

Near Side.—On the foreleg the hoof is of good size, 
but toes in, the outside heel is low, the fetlock hangs 
over it and has asmall windgall outside and a swall 
sprung ligament on the inner front. The ulna is out 
from the ribs, and the point of the shoulder is in ; the 
scapula is too far forward on the neck, which is full 
and bulges a little to the side. 

Off Side.—On the off foreleg the hoof is of good size, 
but toes out; the inside heel is low and the fetlock is 
overit. The ulna is close to the ribs and the scapula 
back on the shoulders. 

Two such legs are unlike each other, and the gait is 
rocking and uneven. 

The near foot describes a circle out, the off foot de- 
scribes a circle in, and when trotting is liable to in- 
terfere with the other. Such a condition may be 
brought about when the foal suckles mostly on one side 
of the dam, especially in confined places, or it may be 
influenced by the way the attendant trims the hoofs of 
the young. If heis right handed, the rasp is used from 
different points of vision and itions. he same ap- 
plies to the horseshoer. If heis right handed he levels 
the two feet for the shoe from the opposite points, and 
also sets the shoe and drives it in the same way. -On 
the near foot he drives the second nail on the outside 
a and on the off foot the second nail on the inside 

ret. 

Near Side Behind.—The hoof is of a fair size, but 
toes in ; the outside heel is low, short and turned under ; 
the fetlock is above this heel, and there is a puff above 
the sessamoid on the same side. Such a hoof binds at 
the coronet, and if scraped clean, where the hoof is 
white, it will show blood staining from the disturbance 
to the circulation by the tight coronet. The inside 
heel is long, well back, and slopes under. When this 
has existed for some time, the fetlock will cockle, the 
angle of the tibia and femur will be lengthened ; the 
crest of the ilium is wp and in; the ischium is in and 
down, and the tail isdrawn toward the left, unless it 
was previously twisted too far to the other side ; dim- 
ples, the result of atrophy, also appear over the hip 
articulation. 

Off Side Behind.—The hoof is of fair size, but toes in ; 
the outside heel is short and turned under; the fetlock 
is over the inside heel ; the leg at the head of the meta- 
tarsal bone is bent inward, giving it a zigzag appear- 
a&ce when viewed from before or behind ; the tendons 
behind the cannon bone do not overlap each other 
evenly ; the summit of the calcis is pulled outward and 
causes a slight fullness below the base on the inner 
aspect ; the stifle is out, and the crest of the ilium is 
not so prominent as the other, but the hip is wider and 
more fleshy and looks larger. 

In the near hind foot just described we have one that 
predisposes or is liable to ordinary bone spavin, espe- 
cially if the sole is concave and thick. 

When, as I said before, the hoof is placed unevenly 
on the ground, either because there is a tender part or 
simply because it is most comfortable and has become 
a habit, the weight is unevenly distributed to the 
limb above, and it organizes in harmony with the de- 
fect in the hoof. If, for example, the hoof is placed on 
the ground in such a way that the metatarsal flexor 
has to do more than its share of work—when the animal 
is not too old—the gradual increased strain at its in- 
sertion leads to a projection at the seat of ordinary bone 
spavin. This may at first be healthy tissue, but when 
the inharmony in the organization of the limb has in- 
creased, from shortening of the muscle or other retro- 
grade changes, the demand on the flexor or the parts 
of the hock involved is either too great or they are less 
able to meet this demand. True bone spavin, with its 
disastrous consequences to the animal, is the result. 

One or both heels may shorten or grow thin between 
the bars and the external wall. or, if they are long, one 
or both may contract, sometimes uniformly ; in other 
cases one more than the other. In contractions of this 
nature the bars are more upright and the commissures 
deep ; the soft. structures beneath are injured as with an 
ingrowing toe nail. This leads to atrophy, and even 
navicular disease in both fore and hind feet, or it may 
interfere with the circulation to the frog, and cause 
atrophy of it or even thrush. 

In another form of contraction, familiarly known as 
hoofbound, the foot has been held ay in its grasp 
for a long time, and the interference with the circula- 
tion gives rise to another class of diseases, such as 
scratches. Owing tothe disturbed condition of the 
extremities, the waste is imperfectly carried off by the 
blood vessels and the thin skin behind the pastern per- 
forms this important function for them. In time 
chronic seratehes supervene, and every time the animal 
is driven out they break out again—an excellent ex- 
ample of “disordered nutrition.” This may continue 
still farther, especially in coarse-bred horses, and the 
whole foot become so disturbed that its secreting 
structures perform their function imperfectly, the walis 
become coarse and irregular, projections of are 
found transplanted and scattered over the heels and 
behind the pasterns ; sometimes the disturbance is so 
great and long continued that .the ergots and fetlock 
tufts of hair me mixed and grow in the form of a 
crust, reaching up and down the leg and familiarly 
known as rat tails. Even the horny tissues called the 
chestnuts change as the foot becomes disordered. 

When the hoof has acquired such a character that it 
affects adversely the structures it was intended to pro- 
tect, the limb above is affected, at first indirectly and 
without any important structural change, any 


If the limb was held suspended for a sufficiently long 
time, a general —_er would result ; but if the ani- 
mal is kept at work, he puts the weight on his foot 
irregularly, changes take p! in certain parts of the 
limb from too much work, while the other of the 
same limb may be affected adversely from too little, or 
mae not being required to perform their proportion of 
w 


We are all familiar with what has been called strain 
of the flexor tendons. Here the commissures dee 
until the animal cannot comfortably rest his weight on 
his heel ; ng on his toe causes itto be brought di- 
rectly under the leg, to relieve them. This is accom- 
plished principally through the flexors, which are over- 
tasked and strained ; the surrounding structures, from 
the foot to the — and even higher, become hyper- 
oes. and in the brachial region there is wot 
while the most conspicuous feature of all is their hav- 
ing become greatly shortened. It is evident that such 
a case can be successfully treated only when the hoof 
is recognized as the cause, atrophy of structures within 
the hoof being easiest overcome when the mechanical 
pressure it exerts is relieved. 

This shortening of structures in connection with 
atrophies and hypertrophies reminds me of a blunder I 
made in an article to the Veterinarian in 1876. 

In trying to explain the importance of the hoof as 
the chief source of derangenents of the limbs above, I 
stated that ‘' the tail is drawn to the side on which the 
muscles are st t.” This I have since discovered 
to be a mistake, the animal I was taking my observa- 
tions from having a kind of congenital twist or bend 
in her tail to the off side too great to be overcome by 
the shortening on the atrophied side. 

In the study of animal organization this isa most 
important cites, as without a knowledge of this fact 
our explanations of many cases of imperfect organiza- 
tion are mien | joo tae = 20 phenomena, impossible of 
being explai entifically. It is a most important 
factor, too, in bringing about that inharmonious wus- 
cular organization that gives us erratic gaits, equivocal 
locomotive action, and many of those d condi- 
tions of the limbs to which horses are particularly 
liable. When so-called tarsal tenotomy has afforded 
relief, the tension has not always been due to increase 
of the subjacent bone, but to retrograde changes and 
shortening of the structures divided. 

Weare all familiar with muscular relaxation the re- 
sult of an injury, where the tail, for example, would be 
drawn to the side on which the muscles are strongest ; 
but where we have atrophies, etc.,the result of what 
may be called peripheral disturbances, we have in many 
cases shortening of structures instead of relaxation. 

In examining for bone spavin one of the most im- 

rtant points is the heel. Place the horse’s hind feet 

ther on a level floor and measure the heel of each 
shoe. If they are aiike in size and width at the heel, 
the foot of the spavined limb being smallest, wore of 
the shoe will be exposed than on the sound foot. Of 
coures this applies to other troubles of the leg as well, 
and is very important, as such a leg is always weaker 
than its fellow. 

There are at least three kinds of hoofs peculiar to as 
many different forms of springhalt, and springhalt ac- 
quired during the growing — of the animal’s life is 
ape A more difficult to benefit than when acquired 
in adult life. 

Anchylosis, sp¢cimens of bone spavin, etc., without 
~~ are mere curiosities, and every specimen 
to be of value ought to have been written up during 
life, and the hoofs, bones, and ligaments preserved. 








SIMPLE EXPERIMENTS IN PHYSICS. 


Experiment on atmospheric pressure.—Take a 
board about eight inches in width and twenty in 
length, and place it upon the edge of a table in such a 





Fie. 1. 


way that nearly a half of its length shall extend 
beyond the table. 

n such a ition, it would require but the least 
effort to e the board tilt and cause it to fall. In 
fact, as the air is capable of introducing itself between 
the board and the table, no vacuum occurs, and, con- 
sequently, a rocking motion may take place without 
resistance. The same would not occur were the air 
prevented from passing under the board, and the 
pressure acting above were thus balanced. Now, 
nothing is more easily done. It suffices to take an = 
newspaper and place it in such a way as to cover that 
part of the board which rests upon the table, as well as 
uite a wide surface of the table around the board. 
* paper should adhere as closely as possible to the 
table. 

Things being thus prepared, we shall probably be 
surprised to see that the strongest man will not be 
able to make the board tilt by means of a blow of the 
fist. Further, the harder the blow, the less chance 
will there be of success. The board will break before 
it will ne around the edge of the table. 

It will be found, nevertheless, that, if we proceed 
slowly, the board will tilt with the greatest ease. In 
these two facts there is only an apparent contradic- 
tion. In fact, upon exerting a simple pressure, we 
allow the air to pass under the t the 

With a blow of the 





change of gait it may have can be instantly 
corsected. 








atmosphere, closes all the interstices through which 
the air might pass, so that the effect of the blow is in 
direct opposition to the enormous pressure of the 
wind, which it can scarcely overcome. 

A very simple calculation will snow the stress that 
would have to be exerted to overcome the resistance 
of the air. The atmosphere, as well known, exerts a 
pressure of 15 lb. upon each square inch of the earth’s 
surface. If the part of the rd resting upon the 
table is eight by ten inches, for example, the pressure 
will be 1,200 Ib. 

A very simple clock.—When a rent is swinging 
in the air, the amplitude continues decreasing con- 
tinuously, as the arc of each oscillation is equal to that 
of the preceding oscillation multiplied by a constant 
factor. Advantage may be taken of this consideration 
for the construction of a clock formed simply of a pen- 
dulum—a lead ball suspended by a thread. Upon not- 
ing aoe a dial (formed of a sheet of paper fixed 
opposite the thread) the extremity of the course of 
each oscillation (from minute to minute for example), 
we shall have an apparatus that it will suffice to make 
oscillate by pulling it back to the last division of the 
dial in order to make it afterward mark the minutes 
at the extremity of each oscillation. 

It is well to use a pendulum with a double thread, as 


C 
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shown in Fig. 2, so as tc keep the plane of oscillation 
invariable. 

The divisions are at the extremity of the dial only, 
for they become closer and closer in measure as the 
center is approached, and consequently the precision 
diminishes. It might, in truth, be possible, by con- 
structing a long and well suspended pendulum, to 
cause it to operate for several hours, but an ordinary 
pendulum oscillating but six minutes, for example, has 
already been used instead of a minute glass for boiling 
eggs.—La Science en Famille. 





BATHING AND BOATING ACCIDENTS.* 


By Irvine C. Rossz, A.M., M.D., of Washington, D. 
C., Professor of Nervous Diseases, Georgetown 
University. 


I AM not sure that I could have selected a more 
appropriate time and place to bring to the notice of the 
profession some of the accidents that occur in bathin 
and boating. Even here in lovely Newport, where 
have spent many happy days, sad cases of drowning 
occur every season, and it is safe to say that most of 
them arise from inexperience in swimming and are 
consequently preventabie. As a physician and prac- 
tical athlete, —- ! show more than ordinary enthasi- 
asm in makinga plea for the educational, hygienic, and 
curative advantages of an exercise that I have practiv- 
ed at many different places over the world, from the 
tropics to the Arctic ocean, and in such places as 
mountain lakes, the mid-Atlantic, and even in a vol- 
canic crater some 2,000 feet deep. 

The frequert accounts of drowning that one reads 
constantly in the daily papers at this season, aside 
from those occurring in the late floods, instead of 
dampening, rather rekindle an arfior to which is add- 
ed a tinge of regret consequent upon the reflection 
that most of these accidents arise from inability to 
swim; for with only a moderate knowledge of this 
easily acquired art, inany lives may be saved and much 
bereavement prevented. Philanthrophic motives, if 
no other, would, therefore, prompt one to give the 
| matter more than passing notice. In view of the sur- 
| prising t number of deaths from drowning, it is 

amentable in this practical age that the useful art of 
swimming takes such small part in the training of 
youth. Young minds are crammed with all sorts of 
useless information to the neglect of what is essential 
to the preservation of personal health and the saving 
of life. Legislators vote large sums of a for 
doubtful jobs, yet refuse to countenance the establish- 
ment of swimming baths in our cities. The police regu- 
lations of most of our large towns, conceived in the 
interests of extreme prudery, virtually tend to make 
swimming one of the lost arts. Those of the District 
of Columbia, for instance, were evidently framed in 
the same spirit of protest which caused a former gov- 
ernor of Maryland to object to midshipmen swimmiag 
from a certain wharf in the Naval Academy because 
the ladies could see them with their opera glasses. 








._ That people do not fully realize the im ance of 
swimming is a trite observation, but a truth none the 
worse for frequent repetition, and allowing it to lie 
fallow will never bring about the desired ormation. 


Long personal experience with swimwirg so convinces 
me of its usefulness that, if it came to a choice be- 
tween knowing the higher mathematics or how to . 
swim, I should choose the latter pee Rpm At many* — 
of the larger schools in England are obliged to 
in swimming before they are allowed to ea , 

poate. This rule, estab! at Eton in 1840, been 
effectual there in the prevention of drowning, only one 
case having occu since that time, although the 
——- of boats has been frequent. A yearly aver 

150 boys learn to swim and pass the test. o 

course, ble to enforce such a rule in schools 

among of individuals where discipline obtains, 


* Read in the Section of State Medicine at the 
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yet this wanly and invigorating accomplishment is ne- 
glected both in educational establishiweuts and in the 
army. Swimming is taught at our Naval Academy, 
but at West Point it is not, and most of the cadets are 
lamentably deficient in this respect. The statistical 
exhibits of our late war show the strongest reason why 
a soldier should know how toswim. The aggregation 
of killed in action is shown to be 67,058, while there 
were drowned 106 officers and 4.8388 men. ‘The small 
regular arwy lost 5 officers and 80 wen from this cause; 
the United States colored troops 6 officers and 289 men; 
and the volunteers furnished a large contingent, the 
State of Ohio alone having lost 14 officers and 770 men 
from drowning. Just think of a number amounting 
to five regiments perishing from an easily preventable 
cause—for the majority of these men were drowned in 
such circumstances as fording a stream, ones nar- 
row rivers, or by the upsetting of small boats when a 
few strokes would have sufficed to save life. 

But the best swimmers are often drowned, say the 
cynical wiseacres, True, a good swimmer sometimes 
meets with that wisfortaune, but the occurrence is so 
rare that for that very reason a vivid effect is produced 
on the imagination and wemory of untbinking persons 
who, accustomed to make post hoc conclusions, never 
for a moment consider the greater number who are 
saved by knowing how to swim. 

Among other prevailing and groundless objections 
to swimming are the production of colds, the danger 
of heart failure and the risk of being bitten by sharks. 
As to colds and the effects of the cold immersion in the 
water, I should say that the danger therefrom is great- 
ly exaggerated, if my own experience is any guide, for 
I have never had a cold from swimming in icy water, 
even under the Arctic circle. On the contrary, one of 
the severest colds I ever had was contracted in Wash- 
ington some years since with the thermometer high in 
the nineties, which necessitated a visit to the seashore, 
where, after two swims, the cold disappeared as if by 
magic, 

There are, of course, many weak people whose chest 
organs are in such condition that they should not ven- 
ture to swim; but I am convinced that the neglect to 
learn swimming in childhood, and the absence of this 
ewinently hygienic exercise, are responsible for many 
flabby hearts, weak lungs, and torpid minds, 

In addition to being generally tonic and bracing, 
the effect of switaming considered in itself is to de- 
velop the muscular system and to exert a favorable in- 
fluence on the great bodily functions, as the digestion, 
nutrition, respiration, circulation and innervation. No 
other exercise with which I am familiar gets the heart 
and lungs in better working order, and none is better 
for getting oue in what sporting men call *‘ condition.” 
After two weeks’ daily swim in salt water I have run a 
measured mile on a beach with very little more embar- 
rassment to circulation and respiration than if I had 
walked the same distance. 

Aside from the physical, another advantage of a high 
order accrues in the way of a happy moral influence. 
Boxing, sword play, and several other manly pastimes 
will do much to develop courage, prudence and clever- 
ness; but the cold-blooded quiet and presence of mind 
which aid us to avoid danger or to conquer it, or to lend 
ourselves to an act of devotion, ure best cultivated by 
the exercise of swimming. What, for instance, is a 
more brilliant and commendable act of devotion than 
that of a dauntiess swimmer who, regardless of self, 
plunges overboard at the risk of his own life to save a 
fellow being from drowning ? 

As a curative means, swimming also comes in for 

raise. In this respect it is superior in many condi- 
ions to the so-called ‘‘tent cure,” to wassage, elec- 
tricity, or drugs, aud may be employed with benefit in 
serofula, chlorosis, convalescence, insomnia, and many 
other nervous diseases, as chorea aud hysteria. The 
latter malady es;ecially, | have known to be cured 
after a course in the swimming baths of Alameda, Cal.; 
and wy experience as a neurologist leads ine to recom- 
mend swimming as one of the best adjuvants in the 
treatment of nervous diseases. 

The danger to be apprehended from sharks is more 
a figment of the mind than a reality. I have no per- 
sonal knowledge of shark bites, although I have done 
much swimming in such infested places as the Gulf of 
Mexico, the harbor of Cadiz, the Azore Islands, Ber- 
muda, Tybee, the mid-Atlantic, and other places 
where these voracious animals are reputed to gobble 
up such small bait as aman atasingle mouthful. For 
years I have made it a point to question sailors and 
fishermen in various parts of the world, as to their ac- 
tual and personal knowledge of shark bites, and 
though the inquiry has called forth some remarka- 
ble fish stories, I have met but two people with any 
personal knowledge of the matter. Adwiral Porter 
telis me of an instance in which he saw a man attack- 
ed; the other person, a pilot at Bermuda, knew of a 
man that had his hand bitten by a shark just as he 
was pulling in a hooked fish from the water into his 
boat. Sharks often collect around the carcass of a 
whale whileit is being ‘“‘cut in,” and men sometimes 
slip overboard among them, yet, after a long residence 
in New Bedford, and a somewhat extended experience 
with the Pacific Arctic whaling fleet, I have never met 
a whaleman who could tell me of a man that had been 
bitten. My friend, Mr. Truxton Beale, of Washington, 
a short time since, when a passenger on the Pacific 
Mail, showed his unbelief in shark stories by swim- 
ming across the shark-infested harbor of Acapulco, 
although warned by the captain of the ship that he 
would be eaten up before he got a hundred yards 
away. 

Traditionai accounts of the rapacity of sharks are 
as extravagant as the records of some of the old 
writers who tell of dead sharks cast upon the shores of 
the Mediterranean of such size that men walked into 
the mouth and down the throat in order to inspect the 
stomach. Even Rondelet, in his History of Fishes 
speaks of these animals as having swallowed men in 
entire suits of armor. 

Documentary evidence as to shark bites is also very 
seanty. During the last fifty years, soldiers by the 
tens of thousands have swum at Fort Monroe, Va., 
yet there is no record of one having been bitten by a 
shark, nor have [ been able to ascertain that any ac- 
cident of the kind has occurred at Malta or Gibral- 
tar. There does not appear to be a record of any one 
ever having been bitten by a shark off the British 
Isles. I have been unable to ascertain that a single 


bite of the ‘kind is reported among the medical re- 


| 








cords of our War or Navy Departments or those of 
the Marine Hospital. In a book abont the West In- 
dies, Mr. Charles Ives says it is singular that so few 
facts are reported which indicate the danger from 
Bahama sharks, and that the divers continue to be 
so numerous and bold. He has heard of but one in- 
stance in which a Nassau shark bas dined upon a 
negro, and the report in that case is not well authen- 
ticated, 

The New York Herald, a few years ago, gave an 





HYPNOTISM IN PARIS. 


HYPNOTISM, as one of the forms of mesmerism, after 
being received for many years with skepticism, and 
after bringing discredit upon most of its professors and 
disciples, is now beginning to take its place as a recog- 
ni science, It is only fitting that the center of the 
revival should be in Paris, where there has always been 
a following of believers in its mysteries and principles. 





Its foremost professor now is Dr. Luys, director of 
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HYPNOTISM IN PARIS—PATIENTS HYPNOTIZED BY MEANS OF THE “LARK” 


MIRROR—EYES 


account of a boy who was bitten while in swimming 
in East River, and afterward died at Bellevue Hos- 
pital. 

Medical literature has but few reports of shark 
bites. After ten years’ diligent search I have found 
but seven references, the earliest in the London Medi- 
cal Gazette, 1823, and the latest in the London Lancet, 
1886. The bites occurred in Australia, South Africa 
and India. The Hooghley and Ganges Rivers are the 
worst places in the world for sharks and alligators. A 
particular kind of shark, the Carcharras Gangeticus, 
which is very fierce and bold, sometimes dashes among 
the crowds at the bathing ghats, and has been known 
to bite a boy in two feet of water. All persons bitten 
at these places generally die from the bite, for the rea- 
son that theshark, living on carrion, portions of which 
stick between the teeth, carries infection to those 
whom it may afterward bite. The former habit of 
throwing the dead in the river is supposed to account 
for the boldness of these particular sharks in attack- 
ing the human species. 

Even admitting the occasional accident of shark 





OPEN. : 
the Revue de Hypnologie, the organ of the science. The 
accompanying sketches were taken at the hospital of 
la Charite, in his consulting room. Dr. Luys is the 
inventor of a new method of fascination. I have met 
him, and found bim a kindly man, devoted to science, 
and persuaded that its sole and immediate purpose is 
to alleviate human suffering. And yet I cannot help 
thinking that there is something sad, something even 
wicked about these experiments of his. It is a painful 
sight to see a number of people reduced to the level of 
soulless beings, disinherited of will. 

This is what Dr. Luys does with his system, and the 
chief indignity of it is that the process was suggested 
to him by the one that is used by bird catchers to 
snare the weakest and most helpless of animals. Asa 
human being, one hardly likes to think that the same 
lure as that which dazzles the iark can fascinate a 
humap being—that logic, reason, soul, will, can all be 
subjugated, nay, temporarily annihilated, by the re- 
volutions ofa glittering wirror. Yet it is the revolving 
wirror that Dr. Luys employs—the same as is used in 
the fields for snaring larks, and the effect produced is 
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HYPNOTISM IN PARIS—PATIENTS HYPNOTIZED BY MEANS OF THE “LARK” 
MIRROR—EYES SHOUT. 


bites, the danger therefroww is almost infinitesimal com- 
peas with railway travel or even accidents from 
orses; and neither this unimportant drawback, nor 
any other that I have mentioned, should have the 
least weight in preventing the cultivation and spread 
of an accomplishment that every one should counte- 
nance with a view, not to the renewal of the legend- 
ary exploits of Leander and Byron, but as a step in 
that branch of social evolution which better physical 
development and improved health tend to promote. 











an identical one. ‘*The advantage of my system,” 
he says, ‘‘ is that by means of it one single operator can 
fascinate at one and the same time an unlimited number 
of patients, without trouble to himself, and with no 
loss of force. It has also the advantage of absolute in- 
fallibility. I have never known it to fail. Certainly 
some patients are less susceptible to its effects than 
others, but none has ever resisted five or six operations. 
On the other hand, wost succumb the very first time, 
after a lapse of from five to thirty minutes. 
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The system is as simple as it can be. In the middle 
of a group of “ patients,” which may be as large or as 
small as the operator may determine, is set up on a 
stand, and on a level with the eyes, a revolving ap- 
paratus of bits of colored glass such as is used for snar- 
ing larks. The patients are instructed to fix their eyes 
upon it. “The effect of the revolving glasses,” says 
Dr. Luys, “is exactly the same on wen as it is on the 
birds. On men the rotation of brilliant surfaces pro- 
duces in predisposed subjects a particular state of the 
retina, and subsequently of the whole nervous system, 
accompanied with anesthesia, immobility of the mus- 
cles, ‘suggestionability "—in short, the ensemble of 
phenomena constituting .‘fascination.’” It usually 
takes the full period of half an hour to master an aver- 
age crowd; some succumb earlier, some later, but the 
average are mastered in that time. But in the mean- 
while what pitiful struggles here and there. This one 
laughs, he is not going to resign his will to that glit- 
tering toy. That one blinks and blinks, and would 
have the rest believe that it is natural sleep that har- 
asses him. But little by little silence comes on the 
— crowd. One by one they drop off into immo- 

ility. 

The sleep is different in cases. Some appear as if 
actually asleep, others have the wide open staring eyes 
of somnambulists; but in either case the onan 
of the subject is ——- He is no longer a human 
being, merely a muscled wachine, the complete serf of 
the master. Here the lark’s mirror and the magnetic 
pass join hands; the effect produce’ by the one is the 
same as that of the other. It is right to say that never 
on any occasion has Dr. Luys used his power for any 
but the most benevolent pur None of his 
patients has ever under fascination been requi to 
perform antics of buffoonery for the delectation of 


visitors. On the other hand, already has this anzs- 
thesia been turned to advant for painless opera- 
tions. There has been published in the Revue de Hyp- 


nologie a loug list of cases of successful operations per- 
forwed on patients under the fascination of the lark 
mirror.—London Graphic. 








THE CARBONIZED REFUSE SYSTEM FOR 
SEWAGE. 


WE illustrate the plant which the Rivers Purifica- 
tion Company, limited, Leeds, propose to use for the 
sewage treatment of towns with a population of 10,000. 
This process has the advantage of dealing with the dry 
refuse and dust, as well as the sewage of the town, and 
by not employing any chemical treatment other than 
the carbon filters, which are charged with the carbon- 
ized dry refuse, appears to possess economical advan- 
tages over the older processes. The method of work- 
ing is as follows: : 

Dry town refuse is taken up an inclined road, and 
deposited as required in a carbonizer of the form shown 
in Fig. 4. The animal and vegetable matter contained 
in the refuse is reduced tocharcoal by a process of slow 
combustion. The carbonizers are fully charged with 
the refuse, where it remains until the whole mass is 
thoroughly charred. The carbonized material is then 
withdrawn and riddled by means of a circular riddle. 
Cinders and clinker are laid on one side for use in 
forming the bottom layers of the filters to be hereafter 
deseribed. After the filters have been constructed the 
clinker and cinders will not be required for the filters, 
but may be utilized for making mortar, road repairing, 
or may be tipped in any suitable place without any 
fear of creating a nuisance. The lower layers of the 
filters ‘may, where convenient, be formed of broken 
stones or bricks, gravel, and fine pebbles. The finer 
carbonaceéus material, composed principally of char- 
coal with a small percentage of ash, is used as a filtering 
material by being placed as an upper layer, 4 in. thick, 
upon shallow filter beds. The method of forming the 
filters will be readily understood upon reference to Fig. 
5. Fig. 1 shows the plant. required for a town of 10,- 
000 population, and Figs. 2 and 8 show longitudinal and 
cross sections of a filter bed. The method of treatin 
the sewage is briefly thus: It is first passed throug 
a screen which holds back the larger floating sub- 
stanees, after which it is through three settlin 
tanks, and thence through three wirework cages fill 
with cinders of various sizes. The settling tanks and 
the cinder cages remove the bulk of the solid matter 
from the sewage. The clarified liquid then passes on 






































sweourne * 


toand through the filters previously described, aud 
the effluent, as shown by analysis, a remarkably 
good one, 
Each filter bed is controlled- by a valve connected 
with a clough, which prevents wore than 6 in. of sew- 
being upon the filter at one time. The sewage is 
distributed on to the filters by means of branch pipes 
connected to a central pipe built into the middle wall 





cesses. Ifit is of astable nature, and not prone to under- 
goany fermentative or putrefying change, it should be 
a useful nitrogen food for cereals and grass. We should 
imagine that the filter beds would require to be renew- 
ed from time to time with ized refuse, in 


order that the effluent way be of a constant standard 
of purity. The land required for this process is one 
acre for each 20,000 


population, which is only x}, 
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THE CARBONIZED REFUS 


dividing the filter. Under each branch is placed a 
floating splash board, which prevents the sewage dam- 
aging the surface of the filters. After a filter has work- 


To facilitate the cleans- 
by out of work, any sewage remaining 
upon it is run off by a valve provided for the purpose 
on to the spare filter above named. As soon as the 
filter put out of work is sufficiently drained, a thin film 
which forms on the surface is removed by means of a 
mechanical contrivance called a scum plow, a little 
fresh carbon is added, and the filter is again ready for 
work. A filter of 100 square yards can be cleansed and 
repared for work in about ten minutes. The solids 
eposited in the settling tanks are mixed with the 
skimmings of the filters, the result being a portable 
manure, upon which the company have not fixed any 
great value. It will be noticed that this manure is not 
mixed with lime or other chemicals, and, therefore, is 


verted to another one at rest. 
ing of the filter 
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very different from the sludge obtained in similar pro- 
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Fie. 1—GENERAL PLAN OF SEWAGE PLANT. 
THE CARBONIZED REFUSE SYSTEM FOR SEWAGE. 
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FIG. 6. 
E SYSTEM FOR SEWAGE. 


part of that required for broad irrigation, and 
part of that necessary for the combined process o 
chemical precipitation and land filtration. The com- 
ny guarantee in their contract an effluent the purity 
of which shall come within the standard laid down in 
the fifth report of the rivers pollution commissioners. 
It is not absolutely necessary that in all cases the 
refuse be taken to the sewage works. Where the out- 
fall is inconveniently situated with regard to the town 
the refuse could be carbonized at any suitable point, 
and the carbon only delivered to the company at the 
purification works. The refuse, for instance, might in 
some cases be carbonized at the gas works. In towns 
where destructors are already in. existence they, at no 
— cost, might be converted into carbonizers.—Jn- 
ries. 


RECENT SYNTHETICAL EXPERIMENTS IN 
THE SUGAR SERIES. 


PROFESSOR EMIL FISCHER'S researches on the sugars 
of the glucose group have been remarkably successful, 
and recently he has effected the synthesis of both dex- 
trose and levulose. A year ago, in this Journal,* the 
experiments were described by means of which he had 
succeeded in preparing a new synthetical sugar, which 
he called acrose, and which was found to be an isomer 
of dextrose and levulose. Acrose all the 
general properties of dextrose and levulose, and only 
differs from these natural sugars in being optically in- 
active. Fischer bas pow succeeded in determining the 
constitution of acrose, and in his recent papers + he has 
shown that it is the inactive modification of levulose. 
It bears the same relation to ordinary levulose that 
racemic acid bears to Lge ay tartaric acid ; and just 
as racemic acid can be split into dextro and levo tar- 
taric acids, so from acrose ordinary levulose and a new 
levulose, ee | an equal but opposite rotary power, 
can be obtained. 

The obstacles that are encountered in this kind of 
work are bey great and one can gain some idea of the 
difficulty of de 


ining the constitution of a s h 
remembering that, according to ¢ Hof 








the Le Bel-Vau 

hypothesis,{ a compound with four asymmetric carbon 
atoms like dextrose can exist in sixteen stereometric 
forms. Nevertheless, Fischer has not only determined 
the constitution of acrose and effected the synthesis of 
levulose, but he has also discovered the inactive and 
the levo modifications of mannite and of the new sugar 
mannose. He was shown that mannose and dextrose 
have the same constitution and that one may be con- 
verted into the other. He has further prepared ali 
these substances synthetically, and what is also of very 
great importance, he bas developed and perfected the 
methods of transforming the sugars and their deriva- 
tives into one another to such an extent that the syn- 
thesis of the remaining members of the glucose group 





* This Journal, 11, 277. 
+ Ber. d. chem, Ges., 23, 372, 376. : 
+ Van't Hoff. Dix annees dans l’histoire d'une theorie, p. 54, 
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will probably be effected in the near future. In fact, 
so great are the additions to our knowledge resulting 
from these researches that Fischer's work may well be 
said to mark the noing of a new epoch in the his- 
tory of the carboh 


Mannose 


This new sugar was discovered by Fischer * in study- 
ing the oxidation products of the polyacid alcohols 
with the aid of phenylhydrazine. It is obtained, to- 
gether with levulose, by the oxidation of mannite with 
nitric acid, and it can readily be distinguished from 
the other sugars on account of the insolubility of its 
hydrazone. "“Wanneco has the composition represented 
by the formula C,H,.O0., and is therefore isomeric with 
dextrose and levulose, and, like these, it reduces Feh- 
ling’s solution, and unde fermentation when 
mixed with yeast. It is optically active, and turns the 
plane of polarized light to the right, but not so rg 
as dextrose. Its specific rotatory power is + 12°96, 
that of dextrose being + 58°7. Reduction with sodium 
amalgam converts it into mannite. Mannose has not 
yet been obtained in crystalline condition. The white 
solid sugar deliquesces rapidly in moist air, and is ex- 
tremely easily soluble in water. It dissolves with dif- 
ficulty in absolute alcohol, and is insoluble in absolute 

er. Like dextrose and levulose, mannose can be 
converted into furfurol and levulinic acid. Treatment 
with bromine water converts it into mannose acid, 
an isomer of gluconic acid. 

But the distinguishing characteristic of mannose is 
its behavior with phenylhydrazine. The cold aque- 
ous solution of the sugar, when treated with phenyl- 
hydrazine, gives at once a crystalline an tate of 
mannose phenylhydrazone, whereas the hydrazones of 
dextrose and levulose and the other sugars are readily 
soluble in water. When heated with more phenylhy- 
drazine, the mannose hydrazone is converted into an 
osazone, which is identical in all its properties with 

henylglucosazone, the compound that is obtained 
rom dextrose and ievulose under similar circumstances. 
As glucosazone can be converted into levulose, it is 
therefore possible by this means to transform mannose 
into levuloee.—Amer. Chem. Journal. 


R GENERATOR 


A TEST APPARATUS FO 
GASES. 


In a recent issue of Stahi und Hisen, Herr Von W. 
Thorner describes the instrument illustrated herewith, 
for the speedy examination of the working of gas gen- 
erator furnaces. It depends upon the detection of the 

reeutage of carbonic acid in the gas taken from the 

ues of this class of furnace. If the proportion of car- 
bonic acid present in generator gas is from 2 to 3 per 
cent., the working is very good; from 5 to 6 per 
cent. the working is fair; but from 10 per cent. of 
carbonic gas, and upward, the working is defective. 

The instrument is described as enabling any intelli- 
gent foreman to test generator furnaces quickly and 
reliably. A vessel, A, with a content of 100 cubic cen- 





timeters at 17° C., ie fitted with a und stopper, 8, 
carrying inlet and outlet tubes with cocks, B and C, 
as well as a burette, E, entering the stopper by a capil- 
lary stem as shown. This burette may contain 15 or 16 
cubic centimeters of caustic potash in a 20 per cent. 
solution, the level of which is indicated by the gradu- 
ations of the tube. The method of operating the in- 
strument is almost obvious. A current of the gas to 
be tested is aspirated through the vessel for about two 
minutes, antil the atmospheric air is displaced, and 
the cocks of the gas tubes are closed after the contained 
gas has been brought to the normal atmospheric pres- 
sure. The cock of the burette is then opened, and the 
solution of potash absorbs the contained carbonic 
acid ; the greatly required being indicated by the 
burette. From this the proportion of carbonic acid in 
the generator gas may be directly seen. The appara- 
tus, which is manufactured by Messrs. Fischer and 
Roewer, of Stutzerbach (Thuringen), may also be used 
for the examination of chimney gases. 


HYDROGEN AMALGAM. 

RATHER more than two years since we described a 
very satisfactory process of gold amalgamation, the in- 
vention of Mr. B. C. Molloy, M.P., which we then saw 
in operation upon a small scale. The adoption of this 
—_— at some gold mines in New Zealand led to the 

iscovery in Saye working of a few minor defects 
in some of the details. defects having been 
remedied, and the process having been adopted at sev- 
eral gold mines, milling and amalgamating works have 
fitted up at No. 10 Charles Street, Blackfriars’ 
Loudon, by the Economic Gold Extraction Com- 


works were recently inspected in operation 

by a number of gentlemen interested in gold agg oes 2 
Molloy system recognizes and successfully deals 
with the fact that, first, what is known as float gold 
tly gets away without becoming amalgamated 


to the presence of sulphides and other delete- 
ients which act prejudicially upon the mer- 
— se | difficulties are ee ge - by the im 4 
rocess causing every ie oO @ ore to 
rought into absolute oF aerial contact with the 
mercury, and by causing a current of electricity to act 
on a small quantity of a permanent salt solution, by 
which means hy is erated on the mercury 
itself. The mechanical difficulty is met by causing the 
finely crushed ore mixed with water to pass under a 
sovelvinn metal disk which floats on the surface of the 
mercury. The crushed ore is fed in at the center of 
the apparatus, and by centrifugal action is forced and 
ueezed out, grain by praia. to the periphery of the 
disk. The gold, being thus brought into touching con- 
tact with quickened mercury, at once amalgamates 
with it, and is afterward recovered from it in the usual 
way. The hydrogen formed, being a metal, combines 
with the mereury to form what is called a hydrogen 
amalgam. The mercury is always overcharged with 
hydrogen, and the presence of the latter prevents the 
oxidation or sickening of the former. The works 
which have been put up for the purpose of testing ores 
on the working scale are capable of dealing with ten 
tons per day. 


owi 
rious 
eury. 








PAIN KILLERS. 


1. SPrrit of camphor . eee ee 8 
Tincture of capsicum................... Fig 

“ MUMIAC......62.. covccccee. —" 

* TGETR ccccccccscvce ecccces , a 
ADORE, 2.0... covececdvcce 0 scccseecscesces ibn 


2. Take 20 lb. powdered guaiac, 2 lb. camphor, 6 Ib. 
powdered capsicum, 1 Ib. caustic solution of ammo- 
nia, 4¢ Ib. powdered opium ; digest in 32 gallons alco- 
hol for 2 weeks, and filter. 
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uen 
with the mercury, and that, secondly, in the case of 
ores amalgamation is rendered impossible by 
reason of the mereury sickening or becoming sluggish, 


* Ber, d. chem. Ges., 21, 1805 ; 22, 385. 
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Cream, Bostom....... ......6.0.. ‘ 
Cremation of the dead. . ee 
Croton aqueduct. #11822, #1is6e, 11863 


11972 
11718 
11953 


11733 


117s 


Cryolite process for aluminum... #12024 
Cupmaking machine 
Current protectors .............. 
Currents, alternating... .. 

Currents, contin. and alternat.... 
Currents, convectional 
Current, electric, effects of 
Curvature, radii of 


#11874 


- R11 


11704 
11708 
iT 


.. 16 
- 211875 
#11818, 11865 








Electricity of the body............ 
Electricity in chem. manip 
Electricity in the dwelling... . 


Furniture, folding............... 


Gallery, flash light, new 


“Gas battery, improved 
Gas generators, test of 
Gas, hydrocyanic acid... . 


Emulsifier, resin eonp e as ie 


tyeente oe Gas, regulator for 


Girls, gymnastics for............. 
Glass, annealing and temp 
Glass, chemistry of............ 11776, 11794 
Glass, pressed........ ent aveicabane 
Glass, solubility of 
Glass tubes, to bend, 


IIE. = nccaccce since St vénen 
Entomologist, experience of 
Bidemmem, JOR. ....0.... 200000000... 
Execution, electric. ... ‘ieee 
Exervise, bodily, apparatus for.. 


Expedition, Stanley's 
Experiments, Mr. Hertz’s. 
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. H11837 
#11822 

11698 
#11948 
#11700 


Thermometer, electric contact. . 
Thermometer, gas 
Thyme, oil of 
Ties, railway, metallic. . 
Time, notation, now : 
Time, true, gnomon for......... #11738 
Tin, detection of........ ......... 11830 
Tintometer, the .. 120% 
11801 
11686 
11733 
11702 
.. RNS 
11735 
- %11787 
#1I7i9 
.... R119 
.. #1206 
11758 
#11879 
% 11990 
119m 
11973 
11708 
11939 
.. P12076 
#12010 
9611986 
11816 
11748 
.-*12087 


Saturn, spectrum of 
Saxony railway bridges 
Scale, boiler, dangers of 
Scale, red, destruction of.... .... 
Sealp, aneurism of....... .. ..... 
Schooners, steam, Pacific...... 
Sch appl. to bh arts. 
Science, teaching of 11728, 11740 
Scones, soda. . 11782 
Seal industry, Alaska . 12066 
Sections, microscopical, prep. . 11895 | Toast water. ..... 
Seeing to a distance 11764 | | Tobacco culture, ( ‘ube. 
Seesaw, novel 12021 | | Torpedo boat, first class. 
Semliki valley 12041 | Torpedo boat Nibbo 
Sense of beauty of form. 11964 | Torpedo boat with petrol. fuel. . 
Separator, improved - +... %11996 | Torpedo boat, Spanish 
Sepulchers, Campo Santo.. ...... #11671 Torpedo, Sims-Edison.... 
Sepulture, new method of....... #11671 Tower, London, designs 
Sequoia, the great. . 11716 | Towers and domes 
Settee, folding ee .. 211758 Trafalgar, war ship 
Sewage, refuse system .... 912081 | Tram car, ¢ compressed air 
Sewage treatment, Reeves’. ..... #11716 | Transfer, fe rr? boat. 
Sewing mach., carpet, eclect.......%11998 | Transfer pape , Albert..... P 
Sewing mach. works, Singer ..%11887 | Tramsformers, loss of energy..... 
Shad fishing att #12078 | Transit, observa., by photog 
Sheep's head broth. ... 11699 | Transmission . ‘ 
Sherbet vi . 11718 | Transmitter, power. . 
Ship, armored, Latona . #12055 | Tree trunks, to straighten 
Ship, broadside launch of. ....... #11962 | Trees, growth of. . 
Ship canals in 1889..... ..11736, 11758 | Tremors, earth............ ....... 
Ship, ironclad, Sultan..... .... .. #11732 Triceps machine 
Ship, H. M., Trafalgar #11879 | Tricycle, new.. .... 790488 
4611688, 411923, % 11904 


Shoe, snow, Norwegian ~ #11989 | Tricycle, steam. . 
page college lectures “oiiten, Daeae 22 | Trout farm, survey . «11908 
. - 11705 


. #12078 | Photography, composite . . #11886 
118% | Photography of hands 11806 
6 11826 | Photography, instantan.. #11860, #11973 
611836 Photography of projectiles. 11677 
#11734 | Photography, spectro 117@2 
#11738 | Photography, transit obser. by 11939 
Manipulation, prac tical. 11976 | Photo-lithography 11973 
Manipulating, modern 11887 | Phylloxera problem 12043 
Manure, wool waste as ... 104 Physics, experiments in 12079 
Mannose. . .. 120k) Pictures, ms distorting. . 11805 
Map, railway, Mexico #12011 | Pie, fish........... 1717 
Mash tun, French #11988 | Pie, sea oi 11609 
Mass and motion.... 11839 | Pies, recipes for ve 11699 
Hypnotism as anesthetic. ... 20 Matches, bridge of #12065 | Pier, Trouville. HLT 
Hypnotiam in Paria .%12080 Mausoleum, the new #11671 Pigeon as a carrier #11M7 
Hypnoysm, operation under 1170 | Me 117 Pile, manufacture. 11981 
Measles, treatment 11743 Pile protection 11803 
Measurements, metrical, early 11766 “Pipe, an ancient 11942 
Measurements, modern 11887 | Pipe lines, oil, American 11756 
#11971 Measures, U. 8., standard 1140 | Pisciculture 11908 
#11919 , Meat and water diet, effect. 18 Plant nutrition 11955 
#11865 | Meats, how to roast. 11733 | Plant protector 11845 
11838 Meeting, pharmaceutical 12022 | Plants, colors of, preserv 11910 
#1184 | Melon, cantaloupe 11986 Plants useful to man BLT 
11702 | Menthol in rhinitis, ete 11987 | Plating, nickel 12069 
11976 Mercury, 11907 | Platinotype printing.... 11805 | 
#1184 Mercury, #11939 Plush, manufacture of 11981 
+1108 Mercury, rotation of 11846 | Poisoning, treatment for 11743 
#11987 Metals, heat dilatation #11842 | Porcelain manuf. in France .. #1180, 
#11915 Meteorite, singular LIT#8 11874 
. *110 Meteorite, Swedish 11885 11686 
11873 Meters, clectric. 11726 11733 
11871 | Mexico, railroads of #12011 .. BUT 
11967 Milk 12049 #11915 
12064 Milk analysis % 12053 11986 | 723, %11792, #11806, %11902, 11972 Trouville pier 
#12008 Milk of mammals, comp 11907 12075 | Siivfidor, Peruvian 3611849 | Tubes, Geissler, to repair.. 11704 
#11888 Milk of the whale 11907 11938 | Silver in lead, detect...., Face #11734 | Tubes, glass, to bend.. e174 
11781, Mili, flour, Algerian #11804 11732 | Sirius, orbit of .... 11701 | Tug, screw, Kathleen. ... #11818 
#11752 Mills, powder, French.... #12071 11700 | Skating rink, Paris. . #11783 | Tunnel under Chicago River — ... #11854 
#11967 , Mina lobata #11702 11699 | Skee, Norwegian . .. #11784 | Tunnel under the Clyde #11835 
11683 Mine accident, singular #11943 11840 Ski, Norwegian. . #11939 | Tunnel, Hudson River.. w11786 
#11725 Miners, electric lamp for. #11014 Stag cement, I rostland.. #12014 | Tunnel, Lake Michigan. .......... #11931 
#11844 Mining Co., Huanchaca. #11952 Smoke consumer ~ _. #11738 | Tunnel, New York and Brooklyn. 11757 
11888 Mirror, lark ‘ % 12080 Snake bite, olive oil for.... 11828 | Tunnel, N. Y. and Long Island. . . #12057 
#11744 . Mirror of the mind, face as 11674 Snow shoe, Norwegian....%11784, #11999 | Turbine, steam, compound #11918 
| Monochord, the 11678 Soap analysis 12053 
Moon, mountains of... .. 11815 Soap, resin, as emulsifier. 11955 U 
Montmartre, reservoirs at . #11819 é Soap, Wyoming ——-— « 
Motion, mass and P 11839 | Press, filter, porcelain. Society, royal . 12051, 12082 | Uranus, spectrum of 
Motions, solar and ste’ Nar wii 12005 | Press, hay aad straw............. Soda, washing wool with. 12075 | Ursee Majoris, spectrum 
Motor, gas, three-cylinder.... ...411904 | Presses, stack, Imperial. Souleuvre viaduct........ .. . #11882 | | 
Motors, gas, valve for.... .. #11995 | Printing, piatinotype Sound we eeeeeeee MUU Vv 
Motors, electro vote 11704 | Prints, blue, violet, etc Sound, propagation of. ——~ 11749 
Moulding mach., porcela. . #11851, #11874 | Projectiles, photography of Soup, pea... 11689 
Moulds, plaster, mach. for #11874 | Projectiles, steel for. Soups, recipes for 11699 
Mountains of the moon.. .11815, 12042 | Projection, arc light for Spark, electric, photography .. . #12048 


.. #11 
12078 


Mackerel, dressing. ... 
Magpesium bronze. ae 
Magnetism #11811, 
Magnetization, experiment 
Maize, oil of 

Man, flight of 


House moving 
Hoof, horse’s.. pte 
Huanchaca Mining Co #11962 
Hudson river tunnel. * 11786 
Hudson's bay railway LIT 
Hughes, Prof. D. B. .. 117 
Hydrogen amalgam 12083 
Hydrogen lamp 11085 | 
Hydrogen, peroxide of 12018 
Hydrogen, resistance of 11975 
Hydrogen, sulphureted, genera . #119025 
Hyperbolas, drawing 11a 
Hypothesis, nebular 11921 








“al scones 


Ice machine, tweghy-tve ton. 
Ice -, 7 new 

Itlinof® lt. bridge ace ident 
Illusions, optical, at Barnum's 
Illusions, stage 

Impressions, indelible. 
Incineration 

Index plate for amateurs 
Index plate, cheap 

Indians, college for 

Indicator, position, Fiske 
Indigo, synthesis 

Indigo vat, new 

Inductive capacity, telephonic 
Intiuenza, menthoi in 

Insect wax 

Insecta, fungi upon 

lron, cast, for artistic use. 
Iron in phosphates 

fronciad Sultan 

lroming machine 

Irrigation in California 
Irrigator, hydraulic 

island, volcanic, recent 

iteh, barber's, treatment 
Ivy, poison.... 





impurities, tests for 
revolution of 


Porridge 

Porridge for invalids. 

Port of La Pallice 

Position indicator, Fiske 
Post service, parcel, England. 
Potash and soda for woolens 
Potato, the. 

Potato scones 

Potatoes, to boil 

Potatoes and tripe. 

Pottery at Caracas museum. 
Poultices, how to make 
Powder, smokeless 
Powders, baking 

Powders, smokeless... . 
Power, rope transmission 
Power transmitter, coil 
Precipitation 


11749, 11904 


J 


Jaborandi and the hair...... 
Javelin, magic. ... 

Jelly, apple 

Jelly, flaxseed, for cough 
Jetties at La Pallice 

Jhula, East Indian 

Jungie cart. ... 

Jupiter, observations of 





Valve, pocket, gas motor 
Vaporizer, Serpoliet 
Vat, indigo, new.... 


Spectroscope, the 11744 || Veal tea. 


Kansas, artesian wells.... 
Kathleen, screw tug. 
Kedgeree. . 

Keasso root oil 

Kettle, Japanese 

Kipp’s apparatus, subscitute 
Koumiss d 
Kuro-moji oil 


Laboratory manipulations... . 
Laboratories, Waiker 
Lacquer, Japancse 


Ladders for tall chimneys. ...... 


La Guayra, Venezuela 
Lait d’iris 


| Mud docks, India.... 


| Muller, Emile 


.. #12066 


#11818 
11686 
11698 | 
11900 

11841 
11733 
11608 


Museum, Brit., electric light. 
Mutton chop, how to fry 


N 


Nail holes, old, filling. 
Nebula in Andromeda... 
Nebula in Orion.... 
Nebulw 

Nebular hypothesis 


| New Orleans bridges 
| New York aqueduct 


11976 | 

11681 

11981 
12072 


.. SU 


11990 


Nibbio, torpedo boat 
Nicaragua canal 
Nickel, decomposing 
Nickel, sep. of zine 


0 


711691, 11966 
#11857 


.. #11778 


.. #161 
.. #11900 


11755 Propeller for boats ... 
Propellers, aluminum bronze. 
Propulsion, compressed alr 
Propulsion, electric.............. 
Pudding, black 
Puddings, recipes for... 

| Pump, compression. ... 

Pump, porcelain........ ...... «. #11850 
11798 pussting machine, large. 
11766 Purifier, revolving 
11921 Puzzic, Japanese.... 

Pygmies, African 
| Pyrometer, differential........ 


733 


11942 


. %11919 
11735 | 


11690, 11709 R 


12069 
1141 


Rabbit, stewed. . 
Rabies, prev ention of. 
Radiophony 

| Radiators, heat. .. 11838 


11796, 11812 | 
11972 | 


11700 Stanley, Henry M.. 


| Star distances 


Spectroscopy, celestial “ 11782 | 
Spectrum, development of.. #11743, 11762 | 
Spectrum of Urse Majoris 778 | 
Speed of birds.... 

Speed, high, of steamers. 


| Spirals, roulette... 


Spokane Falls, elect. light 
Sponges, Florida 

Sprains, treatment of...... 
Sprats, baked 

| Spraying, experiments with 
| Stage, electricity on....... . 
Stanley, address of 
Stanley cycleshow 
Stanley, expedition of 


s=m09 | 
- 11954 | 


.. AL1818, %11865 


Stanley, latest discoveries 
Starch, preparation of 


Vehicle, mec hanical.. 
Velocity, registering 
Viaduct, Loa 


Viaduct, Mittweida............... 
| Viaduct, Souleuvre........ : 


Viaduct, Wimmer 


| Viaduct at Weida 

| Vibration of strings..... 

| Victoria of Germany.. 

| Vinegar, manufacture of 


Vision, tests of ; 
Vizagapatam, docks of... 
Voice lozenge. ... 
Vuleanization of rubber. 


w 


Waist, to strengthen 
Walker, T. A 


% 12087 


.. 11682 


: Oases, new, Saharan 
#1188 | Oat cakes 
#1914 — 


Lake Albert Rdward,. 
Lamp, arc, Stocher 
Lamp, electric, miners’. 


#11731 | Railroad, inte rcontinental. #11961 | Stars, relative sizes of. .... 
titag | Railroad, Long Island % 12067 Stars, spectroscopy of 
#12011 | Station, electric, Paris............. 


11752 
%11879 
1172 


War ship Sultan 


War shi fal 
Railroads of Mexico ur aittp Syataigar 


Lamp, hydrogen 

La Pallice, port of 

Lathe, 110-ton gun.... 
Lathe, potter's. 

Latona, cruiser... 

Launch, broadside 
Launches, electric 

Lead, silver in, detect 
Lead, white, manufacture 


% 11825 


.. PLLI06 


12058 
11874 
12055 
#1102 
L077 
LIT 
11885 


Lectures, Sibley College. . #11707, #11782, 
%* 11806, #11002, 11972, #11722 


Leg exercise. 

Lemonade 

Lemonade, factitious 
Lenses, pressed, production 
Lentils and rice , 
Levulose, synthesis of....... 
Lifeboat models 

Light, arc, projection 

Light, electric, engines. 
Light, production of 

Light, refraction, etc 

Light of sun 


Lighting, electric, hatte ry for... 


Lighting, electric, rules. 
Lightning vs. chimney shafts. 
Lightning protectors. ‘ 
Limbs, broken, treatment 


Lincoln paving brick works. ... 


Linen, drying and ironing 
Liquids, analysis of. . 


Locomotive, Italian 
Locomotive, marine..... ... 
Locomotives, steam distrib 


Logging, redwood, California. 


Logwood, color, increase. 
London tower, designs for 
Long Isiand railroad. 
Lozenge, voice 

Lubbock, Sir John. 
Lumber flume near Chicago 


.- #1200 


#12036 
11733 
11718 

#11838 
11699 
12081 

% 12081 
12077 | 


| Ordnance, 


.. R185 


11852 


12044 
#115 
uve 
11915 
#117 
11748 
11916 





Machinery, steam, marine... #41707, L723 


Obelisk, Central Park. . 
Obesity, treatment of 

Ocean locomotive 

Odograph, the 

Oil, cffect on waves 

Oil of maize 

Oil pipe lines 

Oils, Spanish 

Oils, essential 

Olibanum oil 

Olive oil for snake bite. . 
Omelets, how to make 
Omnibus, improved 
Opportunities, scientific 
Optics, experiment in 

Orange skin, cutting 
manufacture of 
Orexin 

Oscillations, elec tric. 

Oued Rir’, map of 

Oxygen, generator, simple 
Oxygen in vital phenom. 
Ovone, formation of, electric... 
Ozone, ete., 
Ononization, clectric 


Pain killers 
Paints or rouges 
Palenque 

Pan cakes. 


Paper machines, Paris expos. 


Paper, transfer, photo-lith. 
Parallel bar exercise 

Paris, electric subways. 
Paris exhibition 

Paris, hypnotism in 

Paris, skating rink at 2 
Paving brick works, Lincoln 
Peppermint industry 
Peral, torpedo boat 
Petroleum fuel. 
Petroleum, origin of 
Pharmacists, meeting of. 
Phonograph, Edison's. 
Phonotelemeter, the 
Phosphates, iron, ete., in 


Photographs, ten per second... 


Photography in colors ... .,.. 


. 212065 


' #11998 | 


- 1S | 


.. F114 
reaction in combust.. 
.. P1206 


11701 
11892 #11922 


311863 


Rails, vibratory motions... .. 
Railway bridges, Saxony......... 
11970 | Railway, Chinese, new vee. WIR 

11300 Railway, electric, social side.. ... 

11734 | Railway, gravity, New York 

11756 | Railway, Hudson's bay 

11698 Railway, sliding... .. 

11697 | Railway ties, metallic 

11698 | Railway tunnel, Chicago . 

11828 | Railways in China. 

11686 | Rainbows, eight at once 
si21g, Raisins 

12005 , Redwood logging, ¢ ‘alifornia. 
Reefs, coral, origin of 
Refrigerating apparatus 
12046 | Refuse, carbonized, system. 

12070 | Regulator, gas, electric 

11014 | | Relic, archzeological 
#11731 | Reservoirs, Montmartre...... 
| Resin soap as emulsifier. 
1ITST | Rhinitis, menthol in 
| Rhubarb, preserved. 

Rice, to boil..... ...... ‘ 
Rice and cabbage......... 
Rice cake 

Rice and cheese 

Rice scones... 

Riding, bareback 

Rifle, magazine, new 
River locomotive 
Roasting meats és 
Robinia, bark of, examina. 
Roller mill for clay 

Rollet process. ... 

Rome, excavations in. 
Rookery for seals. 

Roots, microseop. sections. . 
Rope transmission... ............ 
Ropes, driving, tension for....... 
Rosemary, oil of 


11757 


. 12028 | 
9611948 | 


11687 
11883 
11732 


11749 
11968 
212081 | 
11791 

. . W119 
. *I1819 

11955 

11937 

11718 

11700 

11699 

11732 

11700 

as 
811909 
11879 

.. 12056 
11733 
-11840, 11860 
.. 11850 
12085 

11848 
. 12066 
11896 

311904 
. #12076 


211890 | 


11924 


Rough Robin 
Rubber, vulcanization of 
Ruins of Palenque 





Steak, stewed...... 

11943 | | Steam distrib. in locomotive es... 
Steam engine, to manage......... 
11755 | 


-%11854 | Steamer City of Paris.... 


11997 Steel, tempe: ring process for. 


| Stove, 





Steak, how to fry 
Steak, rump, to boil 


electrifica. 

Steam ceate - . 

Steamer, aerial, Giffard’s.. 
*1IT: 3, %11991 
- eee. HT1GRZ 
11922 
11852 
12821 
.. 11895 
.. 12086 


Steamer Columbia. .. 
Steamers, ocean, speed in .... 
Steel alloys. 


Steinbach cave 

| Stepping correctly 

| Stills, ammonia 

| Stockholm, telephony at... ... 
slow buraing....... ‘ . #11951 
Storms, currents in................ 11714 
Straw press . . . . 11796 
Strawberries, culture of. 12008 
Strings, vibrating. .................912009 
Subways, electric, Paris. 

Sugar machinery. . 

Sugar series, experiments 

Sulphur, igniting point of....... 
Sultan, H. M.S , 

Sun, constitution of.... .... ... . 

Sun heat and sun light 

Synthesis of indigo. 

Synthesis of sugars ................ 


-. 11704 


Tea, good, to make 
Tea, veal.. ; 


Telephonic inductive capacity... 
Telephony at Stockholm 
Telescope, pyrometric.. 
Tempering steel......... 

Tension for driving ropes 
Textiles, examination of 
Theater, electricity in... 





Washing, hints on 
Watch, alarm 


Water circulation in boilers. rh 


Water, disturbed, oil on... 
Water drop, study ot 
Water gas, theory of 
Water supply, Chicago 
Water walker, a 

Water, weight of 


Water, well, contamination ... .. 
11784, 11800, 118i7 


Waters, surface. 
Watt, James. 
Wave, sound, propagation... 
Wax, insect 

Weights, chest. . 


Weights and measures, bucent.. 


Weights and measures, U. 8 
Wells, artesian, Kansas 
Wells, artesian, Memphis... . 


Wells, gas, danger from....... 


Whale, lactation in. 
Whale, milk of... 


Wheels, gear, tooth contact 


William II. of Germany 
Wimmer viaduct 


Winds, descending.............. 


Wine, ginger 

Wine, raspberry 
Wines, filtering of. 
Wire covering machine 


Wire, covering with rubber ..... 
Wires, automatic heating. ... 


Wood, the strongest 
Wool, refined. . 


Wool, want of strength in 


Wool waste as manure 
Woolens, washing. ......... 


Y 


% 11982 
11902 
11800 


.. #8 


1180] 


11880 


11749 


312064 


.. RIT 


#11821 
11940 
12066 


.. 11697 


11749 
HUT 

11907 
11933 
%11H6 


.. #72011 


% 12044 
11718 
11718 

#11739 

11873 

#11839 


12076 


11674 
12076 
11773 
11941 
12075 


Yangtse Kiang at Hankow........* 


Yarn, woolen, washing.......... 


Zine, experiences with 
Zinc salts, new...... 
Zinc, sep. from nickel 











